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DEFINITIONS 


Data sheet status 


The data in this specification is extracted from a full data sheet with the same type 
number and title. For detailed information see the relevant data sheet or data handbook. 


Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or 
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation 
of the device at these or at any other conditions above those given in the Characteristics sections of the specification 
is not implied. Exposure to limiting values for extended periods may affect device reliability. 


Application information 


Where application information is given, it is advisory and does not form part of the specification. 


LIFE SUPPORT APPLICATIONS 


These products are not designed for use in life support appliances, devices, or systems where malfunction of these 
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for 
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such 
improper use or sale. 


PURCHASE OF PHILIPS I2?C COMPONENTS 


Purchase of Philips IC components conveys a license under the Philips’ IC patent to use the 
components in the I2C system provided the system conforms to the I@C specification defined by 


Philips. This specification can be ordered using the code 9398 393 40011. 


PREFACE 


Since Philips first invented it almost 18 years ago, the two-wire I?C-bus has 
grown far beyond our initial expectations. |@C it is now firmly established 
worldwide as the ‘King of Serial Buses’ for embedded applications. 


Since its birth as a serial bus for consumer electronics, the I?C-bus is now used 
extensively in PCs and workstations as a diagnostics and power management 
bus, in mobile phones it’s used to control Synthesizers, LCD and Realtime 
clocks, in wired phones for access to DIMF and EEPROM ICs. It’s also used 
as a de-facto standard in Plug-in Video cards for PCs due to Philips’ extensive 
range of video processing ICs with l2C. And when you see an LCD display ina 
car dashboard or car radio, odds are it’s got I2C running behind the glass. 


For simple tasks such as monitoring a keypad, driving an LED or LCD, storing 
crucial non-volatile data, measuring a temperature, driving a reed-relay, 
tracking the time-of-day, to all sorts of complex functions for video, audio, and 
closed-loop control applications, |2C is the serial bus of choice. 


In this 1997 edition of our I2?C Peripherals Handbook, we have compiled an 
ever-growing list of Philips’ 1@C Peripheral |Cs for general purpose. Specialized 
l2C peripherals for specific applications (i.e. video/audio processors, 
synthesizers) can be found in Philips application-specific data handbooks. 


Philips also provides a large palette of microcontrollers with dedicated |?C 
interface. Contact your local Philips Semiconductors representative for further 
details about I?C-bus microcontrollers, specialized peripherals, demoboards, 
emulators, evaluation tools, and application notes. They will be happy to assist 
you with your I2C bus designs! 
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l2C Peripherals Index 


Types added to the range since the last issue of data handbook IC 12 (1996 issue) are shown in bold print 
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PCB2421 1K dual mode serial EEPROM 139 
PCD3311C; PCD3312C DTMF/modem/musical-tone generators 154 
PCF2113x LCD controller/drivers 174 
PCF2116 family LCD controller/drivers 229 
PCF21xxC family LCD drivers 287 
PCF85116-3 family 2048 x 8-bit CMOS EEPROMS with |?C-bus interface 303 
PCF8558 Universal LCD driver for small graphic panels 315 
PCF8566 Universal LCD driver for low multiplex rates 335 
PCF8570C 256 x 8-bit static low-voltage RAM with |?C-bus interface 366 
PCF8573 Clock/calendar with serial I/O 378 
PCF8574 Remote 8-bit I/O expander for l@C-bus 395 
PCF8576C Universal LCD driver for low multiplex rates 409 
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PCF8578 LCD row/column driver for dot matrix graphic displays 462 
PCF8579 LCD column driver for dot matrix graphic displays 500 
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TDA8005 Low-power smart card coupler 660 
TDA8442 l?C-bus interface for color decoders 685 
TDA8444 Octuple 6-bit DAC with l?C-bus 692 


1997 Apr 07 


SELECTION GUIDES 


Page 
Functional index 10 
Assigned |?C-bus addresses 12 
l2C address allocation table 16 
Microcontroller bulletin board 20 
Philips Fax-on-demand system 22 
Internet WWW home page 23 
80C51 microcontroller family features guide 24 
CMOS and NMOS 8-bit microcontroller family 28 


CMOS 16-bit microcontroller family 32 


Philips Semiconductors | 
SRE AL REA aN EN TO ee 


I2C Peripherals Functional index 


Types added to the range since the last issue of dat handbook IC 12 (1996 issue) are shown in bold print 


PAGE 
MEMORIES 
PCA8581; PCA8581C 128 x 8-bit EEPROM with I?C-bus interface 127 
PCB2421 1K dual mode serial EEPROM 139 
PCF8570C 256 x 8-bit static low-voltage RAM with I@C-bus interface 366 
PCF8583 Clock calendar with 256 x 8-bit static RAM 533 
PCF85xxC-2 family 256 to 1024 x 8-bit CMOS EEPROMS with I?C-bus interface 629 
PCF85116-3 family 2048 x 8-bit CMOS EEPROMS with I2C-bus interface 303 
DATA CONVERTERS 
PCF8591 8-bit A/D and D/A converter 587 
TDA8442 I2?C-bus interface for color decoders 685 
TDA8444 Octuple 6-bit DAC with I?C-bus 692 
LCD DRIVERS 
OM4085 Universal LCD driver for low multiplex rates 97 
PCF2113x LCD controller/drivers 174 
PCF2116 family LCD controller/drivers 229 
PCF21xxC family LCD drivers 287 
PCF8558 Universal LCD driver for small graphic panels 315 
PCF8566 Universal LCD driver for low multiplex rates 335 
PCF8576C Universal LCD driver for low multiplex rates 409 
PCF8577C LCD direct/duplex driver with I?C-bus interface 443 
PCF8578 LCD row/column driver for dot matrix graphic displays 462 
PCF8579 LCD column driver for dot matrix graphic displays 500 
INPUT/OUTPUT PORTS 
82B715 l2C bus extender 92 
PCF8574 Remote 8-bit I/O expander for I@C-bus 395 
PCF8584 lI2?C-bus controller 554 
SAA1064 4-digit LED driver with l@C-bus interface 643 
SAA1300 Tuner switching circuit 657 
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l2C Peripherals Functional index 


PAGE 


CLOCK/CALENDAR CIRCUITS 


PCF8573 Clock/calendar with serial I/O 378 
PCF8583 Clock calendar with 256 x 8-bit static RAM 533 
PCF8593 Low power clock calendar 607 
DTMF/TONE GENERATORS 

PCD3311C; PCD3312C - DTMF/modem/musical-tone generators 154 


MISCELLANEOUS 


TDA8005 Low-power smart card coupler 660 
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General Assigned I?C-bus addresses 


ASSIGNED I?C-BUS ADDRESSES (IN ALPHANUMERIC ORDER OF TYPE NUMBER) 


TYPE I2?C SLAVE ADDRESSES") 


SUKIGED DESCRIPTION 


General call address 
Reserved addresses 
Reserved addresses 
RDS/RBDS decoder 
Audio processor for RF communication 


CCR921 
NE5751 
PCA1070 
PCA8516 
PCA8581/C 
PCB2421 
PCD3311C 
PCD3312C 
PCD4440 
PCD5002 
PCD5096 Universal codec 

PCE84C467/8 | 8-bit CMOS auto-sync monitor controller 
PCE84C882 
PCE84C886 
PCF2116 
PCF8522/4 
PCF8566 
PCF8568 
PCF8569 


Programmable speech transmission IC 
Stand-alone OSD IC 

128 x 8-bit EEPROM | 

1K dual mode serial EEPROM 
DTMF/modem/musical tone generator 
DTMF/modem/musical tone generator 

Voice scrambler/descrambler for mobile telephones 
Pager decoder 


8-bit microcontroller for monitor applications 
8-bit microcontroller for monitor applications 


LCD controller/driver 

512 x 8-bit CMOS EEPROM 

96-segment LCD driver 1:1 - 1:4 Mux rates 

LCD row driver for dot matrix displays 

LCD column driver for dot matrix displays 
PCF8570 256 x 8-bit static RAM 

PCF8573 Clock/calendar 

PCF8574 8-bit remote |/O port (I@C-bus to parallel converter) 
PCF8574A 
PCF8576C 
PCF8577C 
PCF8578/9 
PCF8582/A 
PCF8583 
PCF8584 
PCF8591 
PCF8593 
PCX8594 
PCX8598 
PDIUSB11 
SAA1064 


8-bit remote I/O port (I2@C-bus to parallel converter) 
16-segment LCD driver 1:1 - 1:4 Mux rates 
32/64-segment LCD display driver 
Row/column LCD dot matrix driver/display 
256 x 8-bit EEPROM 

256 x 8-bit RAM/clock/calendar 

l2?C-bus controller 

4-channel, 8-bit Mux ADC and one DAC 
Low-power clock calender 

512 x 8-bit CMOS EEPROM 

1024 x 8-bit CMOS EEPROM 

Universal serial bus 

4-digit LED driver 
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General | Assigned |I?C-bus addresses 


TYPE 
NUMBER 


I2C SLAVE ADDRESSES") 
DESCRIPTION 


SAA1300 
SAA1770 
SAA2502 
SAA2510 
SAA2530 
SAA4700/T 
SAA5233 
SAA5243 
SAA5244 
SAA5245 
SAA5246A 
SAA5249 
SAA5252 
SAA5301 MOuJI processor for Japan/China 

SAA6750 MPEG2 encoder for Desk Top Video (=SAA7137) 
SAA7110A 
SAA7140B 
SAA7151B 
SAA7165 
SAA7186 
SAA7191B 
SAA7192 
SAA7199B 
SAA7370 
SAA9056 


Tuner switch circuit 

D2MAC decoder for satellite and cable TV 
MPEG audio source decoder 

Video-CD MPEG-audio/video decoder 
ADR/DMxX digital receiver 

VPS dataline processor 

Dual standard PDC decoder 


oa 
om 
0 
io 
ed 
paOe 
om 
Computer controlled teletext circuit PO 
Rom 
PO 
Roe 
E20 
Roe 
mon 
Ee 
etal 


Integrated VIP and teletext 
525-line teletext decoder/controller 
Integrated VIP and teletext 

VIP and teletext controller 

Line 21 decoder 


Digital multistandard decoder 

High performance video scaler 

8-bit digital multistandard TV decoder 
Video enhancement D/A processor 


pad 
eee 
Digital video scaler fees 
0 | 
pt 


Digital multistandard TV decoder 
Digital colour space-converter 1 
Digital multistandard encoder 
CD-decoder plus digital servo processor 
Digital SCAM colour decoder 

SAA9065 Video enhancement and D/A processor 
SAB9075H PIP controller for NTSC 

SAF1135 Dataline 16 decoder for VPS (call array) 
TDA1551Q 2 x 22 W BTL audio power amplifier 
TDA4670/1/2 Picture signal improvement (PSI) circuit 
TDA4680/5/7/8_ | Video processor 

TDA4780 
TDA4845 
TDA4885 
TDA8043 
TDA8045 
TDA4853/4 
TDA8366 
TDA8373 


Video control with gamma control 
Vector processor for TV-pictures tubes 
150 MHz video controller 

QPSK demodulator and decoder 
QAM-64 demodulator 

Autosync deflection processor 
Multistandard one-chip video processor 
NTSC one-chip video processor 


=e 
© 
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General ae a Assigned |2C-bus addresses 


I2C SLAVE ADDRESSES") 


DESCRIPTION 
LAS | AS | Ad | 3 | A2 | 


Multistandard one-chip video processor 


TYPE | 
NUMBER 

TDA8374 
TDA8375/A 
TDA8376/A 
TDA8415 
TDA8416 
TDA8417 
TDA8421 
TDA8424/5/6 
TDA8433 
TDA8440 
TDA8442 
TDA8443A 
TDA8444 
TDA8480T 
TDA8540 
TDA8722 
TDA8735 
TDA8745 


Multistandard one-chip video processor —s_— 
Multistandard one-chip video processor 
TV/VCR stereo/dual sound processor 
TV/VCR stereo/dual sound processor 
TV/VCR stereo/dual sound processor 
Audio processor 

Audio processor 

TV deflection processor 

Video/audio switch 

Interface for colour decoder 

YUV/RGB matrix switch 

Octuple 6-bit DAC 

RGB gamma-correction processor 


4 x 4 video switch matrix 

Negative video modulator with FM sound 
150 MHz PLL frequency synthesiser 
Satellite sound decoder 


TDA8752 Triple fast ADC for LCD 
TDA9141/3/4 | Alignment-free multistandard decoder | 0 
TDA9150B Deflection processor any 


TDA9151B Programmable deflection processor 
TDA9160 
TDA9161A 
TDA9162 | 
TDA9170 
TDA9177 
TDA9177 
TDA9178 
TDA9178 
TDA9610 
TDA9614H 
TDA9840 
TDA9850 
TDA9852 
TDA9855 
TDA9860 
TEA6100 
TEA6300 


Multistandard decoder/sync. processor 
Bus-controlled decoder/sync. processor 


Multistandard decoder/sync. processor 
YUV processor with picture improvement 
2nd address for LTI (1st is '40') 

YUV transient improvement processor 
2nd address for LTI (1st is '40') 

YUV transient improvement processor 
Audio FM processor for VHS 

Audio processor for VHS 

TV stereo/dual sound processor 

BTSC stereo/SAP decoder 

BTSC stereo/SAP decoder 

BTSC stereo/SAP decoder 

Hi-fi audio processor 

FMAIF for computer-controlled radio 
Sound fader control and preamplifier/source selector 


- 


1997 Mar 03 


pare 
BAS 


Philips Semiconductors 


General Assigned |?C-bus addresses 
TYPE 


I2C SLAVE ADDRESSES") 
NUMBER DESCRIPTION 


UMA1014 Frequency synthesizer for mobile telephones 


Note 
1. X= Don't care, A = Programmable address bit, P = Page selection bit. 
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General | I2C-bus allocation table 


I2C-BUS ALLOCATION TABLE (IN GROUP ORDER) 
The group number represents the hexadecimal equivalent of the four most significant bits of the slave address (A6-A3). 


GROUP) TYPE NUMBER ~ DESCRIPTION 
Group 0 (0000 


General call address" 
Reserved addresses 


® 

o |x 
< 

| 

om, 
Abe 
@ | X< 
= 

om, 

ww 
>> 


SAA2530 


Da [at | A 


ADR/DMxX digital receiver 
QAM-64 demodulator 


SAA5252 
SAB9075H 


Line 21 decoder 


0 PIP controller for NTSC 


Bie 


@ 
r} 


up 3 (0011 


—_ 
oO 


SAA7370 
PCD5096 
SAA2510 
PDIUSB11 
SAA2502 
SAA1770 


D-decoder plus digital servo processor 
niversal codec 
Video-CD MPEG-audio/video decoder 
Universal serial bus 
MPEG audio source decoder 
D2MAC decoder for satellite and cable TV 


fo [0 | AO |SAAA7OOT  _|VPSdataline processor SSS 
Fo | 0 | Ao |Saas293 ‘(Dual standard PDC decoder SSCS 
Fo | 0 | 1 |SAas243 | Computercontroledteletextcircut——SSSCSC~=*d 
0 | 0 | 1 |SAA5=e44 integrated VIP andteletext 
Fo | 0 | 1 |SAAs245 | 525ine teletext decodericontroller CS 
Fo | 0 | 1 [SAAs246A integrated VIP andicletext 
ro | 0 | 1 |SAAse49 _|ViPandtelotext contr 
0 | at | AO 
Sar ieS AO Dataline 16 decoder for VPS (call array) 
| 1 | 0 | 0 |saas2se2 
|SAB9O75H 

|SAA7370— 

[PCD5096 


Eu 
ro) 


0 
1 
1 
0 


conk, 


> 


@ 
r} 


up 4 (0100 


—w 


SAA6750 
TDA9177 
TDA9178 
PCA1070 
SAA1300 
TDA8444 
PCF8574 
PCD3311C 
PCD3312C 
PCD5002 


MPEG2 encoder for Desk Top Video (=SAA7137) 
YUV transient improvement processor 

YUV transient improvement processor 
Programmable speech transmission IC 

Tuner switch circuit 

Octuple 6-bit DAC 

8-bit remote I/O port (I2C-bus to parallel converter) 
DTMF/modem/musical tone generator 
DTMF/modem/musical tone generator 

Pager decoder 


© 


(o>) 


0 
1 


NO | PO 
oO;OoO;oO 


st 
© 
© 
N 
<= 
ie) 

= 

=) 
.¢%) 
— 
o>) 
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General I?C-bus allocation table 


GROUP ) TYPE NUMBER DESCRIPTION 


Group 6 (0110) 

MOdJI processor for Japan/China 
8-bit CMOS auto-sync monitor controller 
8-bit microcontroller for monitor applications 
8-bit microcontroller for monitor applications 


AO High performance video scaler 
16-segment LCD driver 1:1 - 1:4 Mux rates 
4-digit LED driver 
8-bit remote I/O port (I@C-bus to parallel converter) 
32/64-segment LCD display driver 
LCD controller/driver 
0 Row/column LCD dot matrix driver/display 
LCD row driver for dot matrix displays 
0 LCD column driver for dot matrix displays 
| AO 96-segment LCD driver 1:1 - 1:4 Mux rates 


Sound fader control and preamplifier/source selector 
Sound fader control circuit 

TEA6330 Tone/volume controller 
Audio processor for RF communication 
0 Audio processor 
0 Hi-fi audio processor 
1 Audio processor 
TV/VCR stereo/dual sound processor 
TV/VCR stereo/dual sound processor 
TV stereo/dual sound processor 
AO RGB gamma-correction processor 
Picture signal improvement (PSI) circuit 
Video processor 

Video control with gamma control 

150 MHz video controller 

Interface for colour decoder 
1 Multistandard one-chip video processor 
NTSC one-chip video processor 
Multistandard one-chip video processor 
Multistandard one-chip video processor 
Multistandard one-chip video processor 
Bus-controlled decoder/sync. processor 
8-bit digital multistandard TV decoder 


Group 7 (0111) 


> 
oO 


oO O;}O 


© 


> 
—s ss 


i= 
x?) 
jee) 
-_~ 
ay 
© 
(=) 
— 


Gro 0 


© 


>| > 


—s 


at 


—_h 
© 
© 
N 
<= 
ped) 

nd 

© 
ee) 
—_ 
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General | I?C-bus allocation table 


Group A (101 
| PCB2421 
PCF8583 
PCF8593 
PCF8570 
PCF8522/4 
PCA8581/C 
PCF8582/A 
PCX8594 
PCX8598 


1K dual mode serial EEPROM 
256 x 8-bit RAM/clock/calendar 
Low-power clock calender 

256 x 8-bit static RAM 

512 x 8-bit CMOS EEPROM 
128 x 8-bit EEPROM 

256 x 8-bit EEPROM 

512 x 8-bit CMOS EEPROM 
1024 x 8-bit CMOS EEPROM 


> 


0 
1 

0 
0 
0 
0 


1 [1 [0 |ToAd@5a/4 | Autosync deflection processor 
Pt [1 [0 |TDAS150B | Defecton processor 
Pt [1 | 0 [Toae1518 [Programmable deflection processor 
Group 9 (1001) 

Ai 
re 
al 
0) | 
/Pcp2421 | 1Kdualmodeserial EEPROM 
[PCF8583 | 256x8-bitRAM/clock/calendar 
[PCF8593——[Low-powerclockcalender 

|PCF8570 


M1 PM, M MM _MI] PD 


Group 


= 
88) 
~-_~ 
4 
© 
oh 
=, 
— 


0 |SAA7199B 
TDA8416 
TDA9850 
TDA9855 
TDA9852 
TDA9610 
TDA9614H 
SAA7186 
PCA8516 
SAA7165 
SAA9065 


Group C (1100) 7 
ae a TEA6100. FM/IF for computer-controlled radio 
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Digital: multistandard encoder 

TV/VCR stereo/dual sound processor . 
BTSC stereo/SAP decoder 

BTSC stereo/SAP decoder 

BTSC stereo/SAP decoder 

Audio FM processor for VHS 

Audio processor for VHS 

Digital video scaler 

Stand-alone OSD IC 

Video enhancement D/A processor 
Video enhancement and D/A processor 


> 


1 


1 


-_s —s > ak, —h 
oh 
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General I?C-bus allocation table 


G) 
Bs) 
Oo 
= 
Bcd 


DESCRIPTION 


| 0 |TEA6824T =| Carrradio IF IC 

1.3 GHz PLL frequency synthesizer for TV 
1.4 GHz PLL frequency synthesizer for TV 
150 MHz PLL frequency synthesizer 
Radio tuning PLL frequency synthesizer 
Radio tuning PLL frequency synthesizer 
[0 | 
) 


0 |UMA1014 Frequency synthesizer for mobile telephones 
TDA8722 Negative video modulator with FM sound 


0 QPSK demodulator and decoder 

0 YUV processor with picture improvement 
Clock/calendar 

YUV/RGB matrix switch 

Satellite sound decoder 

| 0 |TDAIS5S1IQ  — | 2 x 22 W BIL audio power amplifier 
Vector processor for TV-pictures tubes 
| AO | 


—s —. 


© 
== 
oe) 
c 
xe) 
0 
~~ 
ak 
mh 
i) 
oh 


> 
oO 


O |UMA1000T Data processor for mobile telephones 
AO | PCD4440 Voice scrambler/descrambler for mobile telephones 


2nd address for LTI (1st is ‘40') 
2nd address for LTI (1st is '40') 

AO Digital colour space-converter 
Group F (1111) 


Px [x [x | - |Resewedaddresses——SSC~“—~“~“~“~*~*~*~S~S~S 


Group 0 to F (0000 to 1111) 


Note 
1. X= Don't care, A = Programmable address bit, P = Page selection bit 


N 
> 
oO 
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Microcontroller internet and 
bulletin board access 


INTERNET ACCESS | 


Philips Semiconductors World Wide Web: 
http://www.semiconductors.philips.com 


Internet 80C51 Applications Support Address: 
80C51_help @scs.philips.com 


Send us your questions and we will respond quickly. 


Microcontroller FTP Site: 
ftp://ftp.PhilipsMCU.com 


Internet Microcontroller Newsletter: 


To subscribe, send email to: 


News-Request @ PhilipsMCU.com 


Internet 80C51 Discussion Forum: 
Forum-Request @ PhilipsMCU.com 


Internet XA 16-bit 80C51 Support Address: 
XA_help @scs.philips.com 
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Microcontroller internet and 
bulletin board access 


BULLETIN BOARDS 


To better serve our customers, Philips maintains two microcontroller bulletin boards. These computer bulletin board 
systems feature microcontroller newsletters, application and demonstration programs for download, and the ability 
to send messages to microcontroller application engineers. 


The telephone numbers are: 


North American Bulletin Board 
MAX 14.400 baud 8-N-1 
(800) 451-6644 (in the U.S.) 
or 
(408) 991-2406 


European Bulletin Board 
MAX 14.400 baud 
Standards V32/V42/V42.bis/HST 
+31 40 2721102 


Sunnyvale ROMcode Bulletin Board 


We also have a ROM code bulletin board through which you can submit ROM codes. This is a closed bulletin 
board for security reasons. To get an ID, contact your local sales office. The system can be accessed with a 2400, 
1200, or 300 baud modem, and is available 24 hours a day. 


The telephone number is: 


(408) 991-3459 


All code for application notes in this databook are available on the Philips BBS, as well as on the world-wide web. 
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FAX-on-DEMAND System 


: You can hang up now 


What is it? 

The FAX-on-DEMAND system is a computer facsimile 
system that allows customers to receive selected 
documents by fax automatically. 


How does it work? 

To order a document, you simply enter the document 
number. This number can be obtained by asking for an 
index of available documents to be faxed to you the. 
first time you call the system. 


Our system has a selection of the latest product data 
sheets from Philips with varying page counts. As you 
know, it takes approximately one minute to FAX one 
page. This isn’t bad if the number of pages is less than 
10. But if the document is 37 pages long, be ready for 
a long transmission! 


Philips Semiconductors also maintains product 
information on the World-Wide Web. Our home page 
can be located at: 
http://www.semiconductors.philips.com 


Who do |! contact if | have a question 
about FAX-on-DEMAND? 


Contact your local Philips sales office. 
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FAX-on-DEMAND phone numbers: 


England 44-181-730-5020 
(United Kingdom, Ireland) 
France 33-1-40-99-60-60 
Italy ~ 39-167-295502 

- North America 1-800-282-2000 
Locations soon to be in operation: 
Hong Kong | 
Japan . 
The Netherlands 


Philips Semiconductors 
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Internet World Wide Web Home Page 


WHAT IS IT? 
Welcome to our place in cyberspace. 
Explore our Web pages and take a look at our product offering of advance High-performance Applications and Products. 
In addition we offer you the latest information on Products, News, Support, Employment and Offices. 
HOW TO REACH US 
For access to the Philips Semiconductors Home Page go to the World Wide Web location: 


http://www.semiconductors.philips.com/ 
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80C51 microcontroller family features guide 


Part Number Counter Serial External Comments/ 

a eee] oe |S [ee | 
1 (16-bit) 2-3/8 | | 2 40 MHz, Lowest cost, SSOP 
| avc7vs0— sat 1K 1 (16-bit) 2-3/8 eH 40 MHz, Lowest cost, SSOP 
Cole ee 1 (16-bit) 24-pin Skinny DIP, SSOP 
= --- Wee | 8XC752 w/o |2C, SSOP 
0 ce 
8 LC 


6 
83C752 1 (16-bit) 2-5/8 |} I2C (bit) 5 Channel 8-bit A/D, PWM Output, SSOP 
ce ee 1 (16-bit) 2C (bit) 5 Channel 8-bit A/D, PWM Output, SSOP 


E 
as 


2K 
2K 
2K 

K 


2 


o 
E 
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psy socsr@oosy [aK [Pre [2 | 4 | UanT OMOS (Suniyval) 

cD SO 
pe | woctsrooran fae | [ve {2 [ «| vat [10 | towvotage (av ioe Low Power 
Pe | museca [a | [wef 2 [4] 
[se | wecasr aoc ak | [ve [2 [7] tart [2 | — Biended 10, Processor Bus erace 
se] evewst [| aR vas [7] tart [2 | Brenda, Proessor Bs erace 
>| wecss0 aces) [ak [72s 
Ce [eves a 
Pe weast aoe | 


SR RE SS TS TEN 


83C852 6K 256 2 (16-bit) 2/8 1 Smartcard Controller with 2K EEPROM (Data, 
Code) Cryptographic Calc Unit 
83CL580 (80CL580) 6K 256 3 + Watchdog 2 UART, I2C 4 Channel 8-bit A/D, PWM Output, 
Low Voltage (2.5V to 6V), Low Power 


SE A A A ES A TL NENT 


80C52 (80C32 
87C52 


) 
83C652 (80C652) 8K 
) 


80C51 Pin Compatible 
(see above) 

80C51 Pin Compatible 
(see above) 


pe) 
oa 
a 


UART 


mK 
mK 


83C575 (80C575) | 8 


87C575 


83C576 (80C576) 8K 


87C576 


Extended I/O, Processor Bus Interface 


ine) 
on 
(o>) 


Extended 1/O, Processor Bus Interface 
Enhanced UART, 3 timers + PCA 
Enhanced UART, 3 timers + PCA 

Low Voltage 83C51FA (8V @ 20MHz) 

Low Voltage OTP 87C51FA (3V @ 20MHz) 


High Reliability, with Low Voltage Detect, 
OSC Fail Detect, Analog Comparators, PCA 


Nh 
on 
(o>) 
ow 
+ 

ae} 
© 
> 


nm 
a 
rep) 
[é>) 
+ 
0 rm} rl rl rl wl] w 
QO 
> 
| fe} ofefefelel|fefe fal 
Ci Cc 
>| > 
| D 
4/5 


8K 
8K 
8K 
8K 


ro] PO 
oy; a 
OH) 


~ 


256 3 + PCA+ 


. (see above) 


4 Same as 8XC575 plus UPI and 10-bit A/D 


nh 


8K 
8K 
8K 


4 


ine) 
qo 
(o>) 
= 
” 
oO 
i>) 
ie) 
lox 
ie) 
< 
i) 
— 


(see above) 


fee) 


No 
Oo 
[e>) 
so 
a + 
ou 
fae 
a? 
aot 


PC 83C562 (80C562) 8K 256 3 + Watchdog UART 8 Channel 8-bit A/D, 2 PWM Outputs, 
Capture/Compare Timer 
PCx 83C552 (80C552) 8K 256 3 + Watchdog UART, I2C 2 8 Channel 10-bit A/D, 2 PWM Outputs, 
Capture/Compare Timer 
87C552 | 8K 256 | 3+Watchdog | 6 | UART, I2C (see above) 


Notes: Part number prefixes are noted in the first column. 
All combinations of part type, speed, temperature and package may not be available. 
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Part Number Program | Clock Freq 
40 to +85 [-s5 to 126 [PDIP [CDP [PLCC [CLEC [PGFFISSOP 
SE EE OS ES OO 
a LO Bc 


it 


t 


| 
| 


DB24 (0-70F 
DB24 
DB24 (0-70 


DB24 (0-70 


fede cee! 
eee 
ieee 
ae 
| N28 | | A28 les ce all DB28 (0-70F 
ce 
ene 
ae 


3.5 to16 
3.5 to16 
3.5 to16 
3.5 to 16 
3.5 to 16 
3.5 to 16 
3.5 to 16 
3.5 to 33 
1.2 to 30 
3.5 to 33 


83C748 
87C748 
83C751 
87C751 
830749 
87C749 
83C752 
87C752 
SC80C51 (80C31) 
PCx80C51 (80C31) 
87C51 


70) 


ak 
oy EL 


DB28 (0-70F) 
DB28 (0-70F) 
DB28 (0-70F) 
B44 (5 
H (44) 
B44 (5) 


? 
a| 7 


mt mK] | KL OK] OO] <<] OXF 


A A LT 


> 
BR 
aS 


Zz 
Bn 
(o>) 
mT 
BR 
oO 
= 
>| U 
oy eee 
&] 
Foes 


BERR ERBEE BEeeeeeeee 


K44 


80CL51 (80CL31) 0 to 16 (1) N40 (2) ae B44 
83CL410(80CL410) 0 to 12 (1) N40 (2) es B44 


83C451 (80C451) 
87C451 

83C550 (80C550) 
87C550 

83C851 (80C851) 
83CB852 


3.5 to 16 
3.5 to16 
3.5 to 16 
3.5 to 16 
1.2 to 16 


> 
rep) 
@ 


4A 


~40 to +125 N40 A44 K44 


Ei 
Lb 
oO 
EG 


ELE 
Zz 
(o>) 
ft 
S 
> 
(op) 
(oe) 


SST EE ee ——————————— 


ee ee 
83CL580 (80CL580) Ph | 0 to 12 (1) i a (3) 
rs? Y | 35tooaa | v% | x“ | «-—- N40] &2,| Aw | | 
3.5 to 24 
1.2 to 24 
1.2 to 20 
3.5 to 16 
3.5 to16 
3.5 to 24 
3.5 to 24 
3.5 to 20 
3.5 to 20 
4to 16 


Uf 


B0C52 (80C32) 
87C52 
83C652 (80C652) 
87C652 
830453 (80C453) 
87C453 
83C51FA (80C51FA) 
87C51FA 
83L51FA 


a 
fe 
Ss 
|S 
| 87L51FA 
|S 


-40to+i25 [| Nao | | Aaa | | Baa 


N40 F40 A44 K44 


83C575 (80C575) Ss 


Zz 
is 
i=) 
> 
bh 
is 
@ 
& 
a 


87C575 N40 F40 A44 K44 B44 


83C576 (80C576) 


4 to 16 
4to 16 


za 
is 
Oo 
> 
R 
R 
183] 
ae 
b> 


87C576 
f 83C562 (80C562) 


4 to 16 
1.2 to 16 


N40 F40 A44 K44 B44 
—40 to +125 


nese i 


aL 


z 
rs 
ro) 
ms 
as 
oO 
> 
B 
RR 
~z 
b 
B 
ow 
BB 
es 


A 

fep) 

oo 
Ww 
o 
o 


83C552 (80C552) 1.2 to 30 Xx 
87C552 i 1.2 to 16 [abtoeieices, 


Notes: Production Centers are indicated in the second column: H — Hamburg, S — Sunnyvale, Z — Zurich. 
All combinations of part type, speed, temperature and package may not be available. 
1) Oscillator options start from 32kHz. 
2) Also available in VSO40 package. 
3) Also available in VSO56 Package. 
4) Not recommended for new design. 
5) Package available up to 16 MHz only. 
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y 


Part Number 
(ROMless) 
830055 16K 
6 


Counter VO Serial External ~ Comments/ 
Timers Port Interfaces | Interrupt Special Features 
256 — 2 (16-bit) 3 1/2 2 On-Screen Display, 9 PWM Outputs, 
3 Software A/D Inputs 
56 2 (16-bit) 3 1/2 ae eae (see above) _ 


256 | | 4 | UART Standard; 80C51 compatible — 
| 4 | UART Standard; 87C51 compatible 


80C51 Pin Compatible 


Co (ee above) 

| 4 | UARTPC | 2 | 83C654 with Reduced EMI 

| 4 | UART.PC | 10 | Low Voltage (1.8V to 6V), Low Power 
| 4 | UART,PC | 10 | 83CL781 Optimized 12MHz @ 3.1V 
| 4 { UART [| 2 | Enhanced UART, 3 timers + PCA 
| 4 | UART [ 2 | Enhanced UART, 3 timers + PCA 

256 3+PCA | 4 | vuaRT [| 2 | Low Voltage 83C51FB (3V @ 20MHz) 
Eel 
ae 


nN 


- 87C055 
80C54 
87C54 : 


83C654 


ee i 


83C592 (80C592) 16 


87C592 


SS T_T LL SL 


UART Standard; 80C51 compatible 
2 


Standard; 87C51 compatible 


| ae 
256 | 3+PCA | 4 | UART | 2 | Enhanced UART, 3 timers + PCA | 


D 
LE 


2 
E 


a a ® @ m ® m 
ie) 
oi 
[o>] 


E 

or 

(o>) 
Cc 
> 
se) 
| 
a) 
©) 


UART Low Voltage OTP 87C51FB (3V @ 20MHz) 


512 RAM 
512 | 3+ Watchdog 4 UART, |?C-bit 512 RAM 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 } 2 
eed 
512 | 34+ Watchdog ee UART, CAN a CAN Bus Controller with 8 x 10-bit A/D, 
a ea 


2 PWM outputs, Capture/Compare Timer 


(see above) 


=e ary =/ oa 
[@>) [o>] | OD 


co} oo 
i=) 
QO; 0 
aya 
co} Oo 
wo 
nm 
i c 
w 
iS) 
a 
No} ho 
alo 
a] d 
i 


83C51FC 32K 


830528 (800528) 


ae 

ie 

ee 

i 
Le] 83CE528 (80CE528) | 32K 
Fe 

[Ps 


Enhanced UART, 3 timers + PCA 


2 
1 3+ Watchdog |. UART, I2C-bit Large Memory for High Level Languages 


512 3 + Watchdog UART, |2C-bit Large Memory for High Level Languages 
512 | 3+ Watchdog UART, I?C-bit 8XC528 with Reduced EM! 


+ Watchdog hee UART, CAN CAN Bus Controller, 8 x 10-bit A/D, 


w 
NO 


w ie) ie) ie) 
ine) i) nN po 
N 
oo 


83CE598 (80CE598) 32K 


(see above) 


Low EMI, 8 Channel 10-bit A/D, 
2 PWM Outputs, Capture/Compare Timer 


32K FLash EEPROM plus above 


2 PWM outputs, WD, T2, Reduced EMI 
512 3 + Watchdog UART, CAN 


1024 | 3+ Watchdog UART, |2C 


87CE598 


83CE558(80CE558) | 32K 


89CE558 1024 | 3+4Watchdog 


Notes: Part number prefixes are noted in the first column. 
All combinations of part type, speed, temperature and package may not be available. 
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emperature Ranges (° Package 


Oto 70 | -40 to +85 | -55 to +125 }PDIP | cDIP |PLCC j|cLCc | PpaFP/SsOP 


Part Number 
(ROMless) 


Program 
Security? 


Clock Freq 
(MHz) 


830055 3.5 to 20 


x< 


87C055 

80C54 

87C54 
83C654 (80C654) 


3.5 to 20 
3.5 to 24 
3.5 to 24 
1.2 to 24 


oe ee 


—40 to +125 R42, 
N40 


X 


87C654 
83CE654 
83CL781 
83CL782 
83C51FB 
87C51FB 
83L51FB 
87L51FB 

830524 


1.2 to 20 
1.2 to 16 
0 to 12 (1) 
0 to 12 (1) 
3.5 to 24 
3.5 to 24 
3.5 to 20 
3.5 to 20 
1.2 to 16 


ea a! 
ie elas! 
ree ae 
a 
a 
a 
ocr 


Sy 2) Oe eee ele) See ee 


of 
oe 
a 

Fo 


B44 
B44 
B44 
B44 
B44 
B44 
B44 
B44 
B44 
B44 
B44 
B44 
B44 


F40 
F40 
F40 
F40 


E 
aS 


[ans [351020 

peace 

Pes SPY | seme P| XT x TP OT CT me TT Be 
[ secseeeocsay fH { v {| vao | x | x [-wrms| vo [ae [| ow 
| __ somes | ssw | x | xf [so | Fo | we [ea [oa 
L8OCEss8 HY tots Px tx Q80 


Notes: Production Centers are indicated in the second column: H — Hamburg, S — Sunnyvale, Z — Zurich. 
All combinations of part type, speed, temperature and package may not be available. 
1) Oscillator options start from 32kHz. 
2) Also available in VSO40 package. 
3) Also available in VSO56 Package. 
4) Not recommended for new design. 
5) Package available up to 16 MHz only. 
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8400 FAMILY CMOS 


DIL28/S028 | 20 1/0 lines 
DIL28/SO28 8-bit timer 
DIL28/SO28 ‘| Byte I2C 


.DIL20/SO020 13 I/O lines 
DIL20/SO20 8-bit timer 


OM1083 ' | OM1025 
(LSDS) 
DIL20/SO20 


OM1025 

(LSDS) 
DIL20/SO20 | 
84C00B 256 10 28 pins 20 I/O lines Piggyback ~ |. OM1080 

| 8-bit timer 
Byte I2C 

84C00T 256 10 VSO-56 ROMless OM1080 
1k 64 10 DIL20/SO20 13 I/O lines OM1073 OM1025(LEDS) 
0 64 | 10 Piggyback : 


2 8-bit timers 
& - 


8 bytes 
OM1072 


EEPROM 
7 EE 


SDS 


84C21A 
B4C41A | 
84C81A 


840122A 
84C122B 
84C0422A 
84C422B 
84C822A 
84C822B 
84C822C 


remote control 
A: 12/0 
B: 16 I/O 
C: 20 I/O 


12 I/O lines 
8-bit timer 
16*4 LCD drive 


24 I/O lines 
8-bit timer 
Byte I2C 
24*4 LCD drive 


DIL40/VSO40 
4k 128 10 QFP64 
0 128 10 
6k 256 16 VSO56 
0 256 16 
DIP42 shrunk 
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84C430 


84C430BH Piggyback for C230 


and C430 


Controller for 
OM1086 


84C633__ 28 I/O lines 


8-bit timer 
16-bit up/down 
counter 

16-bit timer 
with compare 
and capture 
16*4 LCD drive 


RC: 29 I/O lines 


84C633B 
84C440 


OM1074 For emulation of 
LC versions, 
use OM1074 + 
adapter_3 + 
2 adapter_5 
Baud for LCDS 
OM4831 


2c, RC 


840441 LC: 28 I/O lines 2c, LC 
840443 8-bit timer RC 
840444 1 14-bit PWM LC 
84C640 5 6-bit PWM 2c, RC 
840641 3-bit ADC 2c, LC 
84C643 OSD 2L-16 RC 


840644 
84C840 
84C841 
84C843 

84C844 


LC 


RC 
LC 


Philips Semiconductors 


CMOS and NMOS 8-bit microcontroller family 


8400 FAMILY CMOS (Continued) 


TYPE SPEED | PACKAGE FUNCTIONS PROBE 
(MHz) SDS 


84C646 6k 192 10 DIP42 shrunk | 30 I/O lines 2c, OM4829 + OM4833 for 
840846 8k 192 10 


DOS clock = 2C, RC OM4832 LCD584 
84C85 DIL40/VSO40 


PLL 
8 bit timer 
1-14 bit PWM 
4-6 bit PWM 
4-7 bit PWM 
3-4 bit ADC 
DOS: 64 disp. 
RAM 
62 char. fonts 
Char. blinking 
Shadow modes 
8 foreground 
colors/char. 
8 background 
colors/word 
DOS: clock: 
8..20MHz 


32 I/O lines 
8-bit timer 
Byte |2C 


84C85B 0 256 10 
840853 8k 256 16 DIL40/VSO40 


Piggyback for C85 


- _ 


7 a 


33 I/O lines 
8-bit timer 
16-bit up/down 
counter 

16-bit timer with 
compare and 
capture 


84C853B Piggyback for C853 


840270 2k 128 10 DIL40/VSO40 | 81/O lines OM1077 
84C470 4k 128 10 DIL40/VSO40_ | 16*8 capture 
keyboard matrix 
8-bit timer 
84C270B 0 128 10 Piggyback for C270 
84C470B 0 128 10 470 also Piggyback for C470 
handles mech. 
keys 
84C271 2k 128 10 DIL40 8 I/O lines 


16*8 mech. 
keyboard matrix 
8-bit timer 


OM1078 


nit PACKAGE FUNCTIONS EMULATOR 
TOOLS 
DIL28/SO28 | 201/O lines OM1025 
DIL28/SO28 8-bit timer 
DIL28/SO28 Byte |2C 
DIL28/SO28 


8400 FAMILY NMOS 


23 


(LCDS) + 
OM1026 
13 I/O lines 
8-bit timer 


Bit 12C 


| Piggyback for 84x11 
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3300 FAMILY CMOS | | ote, o 
TYPE SPEED | PACKAGE — FUNCTIONS REMARKS - PROBE 
(MHz) | SDS 
1.5k 160 10 DIL28/SO28 | 20/1/O lines OM1083 OM1025(LCDS) 
8-bit timer 
Vpp > 1.8V 
3 224 10 DIL28/SO28 | 20V//O lines OM1083 OM1025(LCDS) 
8-bit timer | 
Vpp > 1.8V 
Byte |2C 
224 3.58 DIL28/SO28 |201/O lines OM1071 OM1025(LCDS) 
8-bit timer + OM1028 
DTMF generator 
128 DIL28/SO28_ | 201/O lines OM1076 
8-bit timer 
Byte |2C 
256 bytes EEPROM 
Vpop < 1.8V 
3347 1.5k 64 3.58 DIL20/SO20 | 121/O lines OM1071 + OM1025(LCDS) 
8-bit timer Adapter_2 + OM1028 
DTMF generator 
3348A 8 256 10 DIL28/SO28 | 20 1/O lines 
8-bit timer 
Byte l2C 
Vpp < 1.8V 
224 3.58 DIL28/SO28 | 201/O lines 
8-bit timer 
DTMF generator 
128 3.58 VSO64 30 I/O lines 
8-bit timer . 
DTMF generator 
256 bytes EEPROM 


3315A 


3343 


3344A 2 


x 


3346A 4 


x 


= 


OM1083 OM1025(LCDS) 


OM1071 | OM1025(LCDS) 
+ OM1028 


3349A 


& 
= 


x x 
fo?) 
) 8 


3350A 


co 
x< 


Ww 
ioe) 
oO : 


3.58 DIL28/SO28 | 201/O lines OM5000 
8-bit timer 
DTMF generator 
% 128 bytes EEPROM 


3352A 


fe) 
<= 


128 3.58 | DIL28/SO28 | 201/O lines 

8-bit timer 

DTMF generator 
128 byte EEPROM 


. oe 


3353A 6 128 16 DIL28/SO28 | 201/O lines March ’92 OM5000 - 
8-bit timer 
DTMF generator 
Ringer out 
128 bytes EEPROM 


3354A 8k 256 16 QFP64 36 I/O lines June ’92 OM4829 + OM4829: Probe 
8-bit timer OM5003 
' | DTMF generator 
Ringer out 


256 bytes EEPROM 


128 16 =|. DIL28/SO28 | 8k OTP In Development | 
20 I/O lines ; 
8-bit timer 
DTMF generator 
Melody output 
128 bytes EEPROM 


8755A 


3301B 


Piggyback for 3315, | OM1083 — 
3343, 3348 
Piggyback for 3344, | OM1071 
3347, 3349 


Piggyback for 3346 OM1076 


3344B 


3346B 


q 
& 
< 
— 
co 
co 
ro) 
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CMOS and NMOS 8-bit microcontroller family 


3300 FAMILY CMOS (Continued) 


Piggyback for OM5000 
3351A, 3352A, 
Piggyback for 3354A | OM4829+ 
OM5010 
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16-BIT CONTROLLERS (XA ARCHITECTURE) 


TYPE (EP)ROM SPEED FUNCTIONS DEVELOPMENT TOOLS 
(MHz) 
aehunel il 3 timers, watchdog, |-—40 to Nohau 


2 UARTs +125°C Ceibo 
MacCraigor Systems 


—40 to 
+125°C 


Nohau 
Ceibo 
MacCraigor Systems 


3 timers, watchdog, |-—40 to Nohau 
2 UARTs +125°C Ceibo 
. MacCraigor Systems 


3 timers, watchdog, 
2 UARTs 


THIRD-PARTY 
TOOLS 


2 DMA channels, OM4160 Microcore 1 TRACE32-ICE68070 
MMU, UART, | OM4160/2 Microcore 2 (Lauterbach) 
16-bit timer, I2C, OM4161 (SBE68070) 
68000 bus interface, OM4767/2 XRAY68070SBE 
16Mb address range high level symbolic debugger 
OM4222 68070DS development 
system 
OM4226 XRAY68070DS 
high level symbolic debugger 


930101 


90CE201 UART, fast I2C, OM4162 Microcore 4 TRACE32 — 
external | external 3 timers (16 bit), (Lauterbach) 
ROM RAM Watchdog timer. 
68000 software 
compatible, EMC, 


QFP64 
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General 


Quality 


TOTAL QUALITY MANAGEMENT 


Philips Semiconductors is a Quality Company, renowned 
for the high quality of our products and service. We keep 
alive this tradition by constantly aiming towards one 
ultimate standard, that of zero defects. This aim is guided 
by our Total Quality Management (TQM) system, the basis 
of which is described in the following paragraphs. 


Quality assurance 


Based on ISO 9000 standards, customer standards such 
as Ford TQE and IBM MDQ. Our factories are certified to 
ISO 9000 by external inspectorates. 


Partnerships with customers 


PPM co-operations, design-in agreements, ship-to-stock, 
just-in-time and self-qualification programmes, and 
application support. 


Partnerships with suppliers 


Ship-to-stock, statistical process control and ISO 9000 
audits. 


Quality improvement programme 


Continuous process and system improvement, design 
improvement, complete use of statistical process control, 
realization of our final objective of zero defects, and 
logistics improvement by ship-to-stock and just-in-time 
agreements. 


ADVANCED QUALITY PLANNING 


During the design and development of new products and 
processes, quality is built-in by advanced quality planning. 
Through failure-mode-and-effect analysis the critical 
parameters are detected and measures taken to ensure 
good performance on these parameters. The capability of 
process steps is also planned in this phase. 


1995 Mar 21 


PRODUCT CONFORMANCE 


The assurance of product conformance is an integral part 


of our quality assurance (QA) practice. This is achieved by: 
e Incoming material management through partnerships 


with suppliers. 


In-line quality assurance to monitor process 
reproducibility during manufacture and initiate any 
necessary corrective action. Critical process steps are 
100% under statistical process control. 


Acceptance tests on finished products to verify 
conformance with the device specification. The test 
results are used for quality feedback and corrective 
actions. The inspection and test requirements are 
detailed in the general quality specifications. 


Periodic inspections to monitor and measure the 
conformance of products. 


PRODUCT RELIABILITY 


With the increasing complexity of Original Equipment 
Manufacturer (OEM) equipment, component reliability 
must be extremely high. Our research laboratories and 
development departments study the failure mechanisms of 
semiconductors. Their studies result in design rules and 
process optimization for the highest built-in product 
reliability. Highly accelerated tests are applied to the 
products reliability evaluation. Rejects from reliability tests 
and from customer complaints are submitted to failure 
analysis, to result in corrective action. 


CUSTOMER RESPONSES 


Our quality improvement depends on joint action with our 
customer. We need our customer's inputs and we invite 
constructive comments on all aspects of our performance. 
Please contact our local sales representative. 


RECOGNITION 


The high quality of our products and services is 
demonstrated by many Quality Awards granted by major 
customers and international organizations. 
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General 


Pro electron type numbering 
of integrated circuits 


BASIC TYPE NUMBER 


This type designation code applies to semiconductor 
monolithic, semiconductor multi-chip, thin film, thick film 
and hybrid integrated circuits. The basic type number 
comprises three letters followed by a serial number. 


First and second letters 
DIGITAL FAMILY CIRCUITS 


The first two letters identify the family.) 


SOLITARY CIRCUITS 


The first letter divides solitary circuits into: 
S_ Solitary digital circuits 

T Analog circuits 

U Mixed analog/digital circuits. 


The second letter is a serial letter without any further 
significance except ‘H’ which stands for hybrid circuits. 2) 


MICROPROCESSORS 


The first two letters identify microprocessors and related 
circuits: 


MA Microcomputer or central processing unit 
MB __ Slice processor (functional slice of microprocessor) 
MD Related memories 


ME Other related circuits such as interfaces, clocks, 
peripheral controllers, etc. 


CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS 


The first two letters identify: 

NH — Hybrid circuits 

NL Logic circuits 

NM Memories 

NS Analog signal processing using switched capacitors 


NT Analog signal processing using charge-transfer 
devices 


NX — Imaging devices 
NY Other related circuits. 


(1) Alogic family is an assembly of digital circuits designed to be 


interconnected and defined by its base electrical 
characteristics, such as supply voltage, power consumption, 
propagation delay, noise immunity. 

(2) The first letter ‘S’ should be used for all solitary memories, to 
which, in the event of hybrids, the second letter ‘H’ should be 
added, for example, SH for bubble memories. 
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Third letter 

The third letter indicates the operating ambient 
temperature range: 

A temperature range not specified below 

B 0 to +70 °C 

C —55 to +125 °C 

D -25 to +70 °C 

E -25 to +85 °C 

F -—40 to +85 °C 

G -55 to +85 °C. 

If a device has another temperature range, the letter ‘A’ or 
a letter indicating a narrower temperature may be used, for 
example, the range of 0 to +75 °C can be indicated by ‘A’ 
or ‘B’. Should two devices with the same basic type 
number both have temperature ranges other than those 


specified, one would use the letter ‘A’ and the other the 
letter ‘X’. 


SERIAL NUMBER 


This may be a four-digit number assigned by Pro Electron, 
or the serial number (which may be a combination of 
figures and letters) of an existing company type 
designation of the manufacturer. 


VERSION LETTER 


A single version letter may be added to the basic type 
number. This indicates a minor variant of the basic type or 
the package. The version letter has no fixed meaning 
except for ‘Z’ which means customized wiring. The 
following letters are recommended for package variants: 


C Cylindrical 

Ceramic dual in-line (CERDIL, CERDIP) 
Flat pack (two leads) 

Flat pack (four leads) 

Quad flat pack (QFP) 

Chip on tape (foil) 

Plastic dual in-line (DIL) 

Quad in-line (QUIL) 

Mini pack (SOL, SO, VSO) 

Uncased chip. 
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TWO-LETTER SUFFIX 


A two-letter suffix may be used instead of a single package 
version letter to give more information. To avoid confusion 
with serial numbers that end with a letter, a hyphen should 
precede the suffix. 


First letter (general shape) 

Cylindrical 

Dual in-line (DIL) 

Power DIL (with external heatsink) 
Flat pack (leads on two sides) 

Flat pack (leads on four sides) 
Quad flat pack (QFP) 

Diamond (TO-3 family) 

Multiple in-line (except dual, triple and quad) 
Quad in-line (QUIL) 

Power QUIL (with external heatsink) 
Single in-line (SIL) 

Triple in-line 

Leaded chip carrier (LCC) 

Leadless chip carrier (LLCC) 

Pin grid array (PGA). 


<xsS3AMDOZATAmAMIO 


Second letter (material) 
Metal-ceramic 


Q © 


Glass-ceramic 
Metal 
Plastic. 


Us 


EXAMPLES 


PCF1105WP: digital |C; PC family; operating temperature 
range —40 to +85 °C; serial number 1105; plastic leaded 
chip carrier. 


GMB74LSO00A-DC: digital IC; GM family; operating 
temperature range 0 to +70 °C; company number 
74LSO0A; ceramic DIL package. 


TDA1000P: analog IC; operating temperature range 
non-standard; serial number 1000; plastic DIL package. 


SAC2000: solitary digital circuit; operating temperature 
range —55 to +125 °C; serial number 2000. 
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RATING SYSTEMS 


The rating systems described are those recommended by 
the IEC in its publication number 134. 


Definitions of terms used 
ELECTRONIC DEVICE 


An electronic tube or valve, transistor or other 
semiconductor device. This definition excludes inductors, 
capacitors, resistors and similar components. 


CHARACTERISTIC 


A characteristic is an inherent and measurable property of 
a device. Such a property may be electrical, mechanical, 
thermal, hydraulic, electro-magnetic or nuclear, and can 
be expressed as a value for stated or recognized 
conditions. A characteristic may also be a set of related 
values, usually shown in graphical form. 


BOGEY ELECTRONIC DEVICE 


An electronic device whose characteristics have the 
published nominal values for the type. A bogey electronic 
device for any particular application can be obtained by 
considering only those characteristics that are directly 
related to the application. 


RATING 


A value that establishes either a limiting capability or a 
limiting condition for an electronic device. It is determined 
for specified values of environment and operation, and 
may be stated in any suitable terms. Limiting conditions 
may be either maxima or minima. 


RATING SYSTEM 


The set of principles upon which ratings are established 
and which determine their interpretation. The rating 
system indicates the division of responsibility between the 
device manufacturer and the circuit designer, with the 
object of ensuring that the working conditions do not 
exceed the ratings. 


Absolute maximum rating system 


Absolute maximum ratings are limiting values of operating 
and environmental conditions applicable to any electronic 
device of a specified type, as defined by its published data, 
which should not be exceeded under the worst probable 
conditions. 
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These values are chosen by the device manufacturer to 
provide acceptable serviceability of the device, taking no 
responsibility for equipment variations, environmental 
variations, and the effects of changes in operating 
conditions due to variations in the characteristics of the 
device under consideration and of all other electronic 
devices in the equipment. 


The equipment manufacturer should design so that, 
initially and throughout the life of the device, no absolute 
maximum value for the intended service is exceeded with 
any device, under the worst probable operating conditions 
with respect to supply voltage variation, equipment 
component variation, equipment control adjustment, load 
variations, signal variation, environmental conditions, and 
variations in characteristics of the device under 
consideration and of all other electronic devices in the 
equipment. 


Design maximum rating system 


Design maximum ratings are limiting values of operating 
and environmental conditions applicable to a bogey 
electronic device of a specified type as defined by its 
published data, and should not be exceeded under the 
worst probable conditions. 


These values are chosen by the device manufacturer to 
provide acceptable serviceability of the device, taking 
responsibility for the effects of changes in operating 
conditions due to variations in the characteristics of the 
electronic device under consideration. 


The equipment manufacturer should design so that, 
initially and throughout the life of the device, no design 
maximum value for the intended service is exceeded with 
a bogey electronic device, under the worst probable 
operating conditions with respect to supply voltage 
variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, 
equipment control adjustment, load variation, signal 
variation and environmental conditions. 


Design centre rating system 


Design centre ratings are limiting values of operating and 
environmental conditions applicable to a bogey electronic 
device of a specified type as defined by its published data, 
and should not be exceeded under normal conditions. 
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These values are chosen by the device manufacturer to 
provide acceptable serviceability of the device in average 
applications, taking responsibility for normal changes in 
operating conditions due to rated supply voltage variation, 
equipment component variation, equipment control 
adjustment, load variation, signal variation, environmental 
conditions, and variations in the characteristics of all 
electronic devices. 


The equipment manufacturer should design so that, 
initially, no design centre value for the intended service is 
exceeded with a bogey electronic device in equipment 
operating at the stated normal supply voltage. 
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ELECTROSTATIC CHARGES 


Electrostatic charges can exist in many things; for 
example, man-made-fibre clothing, moving machinery, 
objects with air blowing across them, plastic storage bins, 
sheets of paper stored in plastic envelopes, paper from 
electrostatic copying machines, and people. The charges 
are caused by friction between two surfaces, at least one 
of which is non-conductive. The magnitude and polarity of 
the charges depend on the different affinities for electrons 
of the two materials rubbing together, the friction force and 
the humidity of the surrounding air. 


Electrostatic discharge is the transfer of an electrostatic 
charge between bodies at different potentials and occurs 
with direct contact or when induced by an electrostatic 
field. All of our MOS devices are internally protected 
against electrostatic discharge but they can be damaged 
if the following precautions are not taken. 


WORK STATION 


Figure 1 shows a working area suitable for safely handling 
electrostatic sensitive devices. It has a work bench, the 
surface of which is conductive or covered by an antistatic 
sheet. Typical resistivity for the bench surface is between 
1 and 500 kQ per cm2. The floor should also be covered 
with antistatic material. The following precautions should 
be observed: 


e Persons at a work bench should be earthed via a wrist 
strap and a resistor. 


e All mains-powered electrical equipment should be 
connected via an earth leakage switch. 


e Equipment cases should be earthed. 


Relative humidity should be maintained between 50 and 
65%. 


An ionizer should be used to neutralize objects with 
immobile static charges. 


RECEIPT AND STORAGE 


MOS devices are packed for dispatch in 
antistatic/conductive containers, usually boxes, tubes or 
blister tape. The fact that the contents are sensitive to 
electrostatic discharge is shown by warning labels on both 
primary and secondary packing. 
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The devices should be kept in their original packing whilst 
in storage. If a bulk container is partially unpacked, the 
unpacking should be performed at a protected work 
station. Any MOS devices that are stored temporarily 
should be packed in conductive or antistatic packing or 
carriers. 


ASSEMBLY 


MOS devices must be removed from their protective 
packing with earthed component pincers or short-circuit 
clips. Short-circuit clips must remain in place during 
mounting, soldering and cleansing/drying processes. Do 
not remove more devices from the storage packing than 
are needed at any one time. Production/assembly 
documents should state that the product contains 
electrostatic sensitive devices and that special precautions 
need to be taken. 


During assembly, ensure that the MOS devices are the last 
of the components to be mounted and that this is done at 
a protected work station. 


All tools used during assembly, including soldering tools 
and solder baths, must be earthed. All hand tools should 
be of conductive or antistatic material and, where possible, 
should not be insulated. 


Measuring and testing of completed circuit boards must be 
done at a protected work station. Place the soldered side 
of the circuit board on conductive or antistatic foam and 
remove the short-circuit clips. Remove the circuit board 
from the foam, holding the board only at the edges. Make 
sure the circuit board does not touch the conductive 
surface of the work bench. After testing, replace the circuit 
board on the conductive foam to await packing. 


Assembled circuit boards containing MOS devices should 
be handled in the same way as unmounted MOS devices. 
They should also carry warning labels and be packed in 
conductive or antistatic packing. 
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Earthing rail. 

Resistor (500 kQ + 10%, 0.5 W). 
lonizer. 

Work bench. 

Chair. 

Wrist strap. 

Electrical equipment. 

Conductive surface/antistatic sheet. 
Antistatic floor. 


Fig.1 Protected work station. 
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APPLICATION NOTES 


The following abstracts are of the application notes that 
can be found printed in-full in Philips Semiconductor's 
Data Handbook IC20 80C51-based 8-bit microcontrollers, 
ordering code 9397 750 00963. 


AN422 - Using the 8XC751 microcontroller as an 
I2C-bus master 


The 83C751/87C751 combines the benefits of a 
high-performance microcontroller with on-board hardware 
supporting the I@C-bus interface, and thus allows systems 
to be completely software defined. This article shows how 
best to connect the microcontroller to an I2C-bus 
configuration, describes the 8XC751 I@C hardware and 
gives a programming example demonstrating a 
bus-master code. 


AN425 - Interfacing the PCF8584 I2C-bus controller to 
80C51 family microcontrollers 


This application note describes how to use the PCF8584 
I2C-bus controller with the 80C51 family of 
microcontrollers. A typical way of connecting the PCF8584 
to an 80C31 is given, and some basic software routines 
are described showing how to transmit and receive bytes 
ina single master system. There is also an example of how 
to use these routines in an application that uses the I@C 
circuits on an I2C demonstration board. 


AN95068 - C routines for the PCF8584 


This application note demonstrates how to write a driver.in. 


C for the Philips PCF8584 |I2C-bus controller IC and 
includes a set of application interface routines to quickly 
implement a complete PC multimaster system application. 


The driver supports polled or interrupt driver message 
handling, slave message transfers and multimaster 
system applications. Furthermore, it is suitable for use in 
conjunction with real-time operating systems like OS-9 or 
pSOS+. 


AN430 - Using the 8XC751/752 in multimaster I2C 
applications 


This article discusses the most important technical 
features of the I2?C-bus and describes the special I2C 
hardware interface of the 8XC751/752. The author gives 
an example of how the microcontroller can be 
programmed for a multimaster environment along with 
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details of the software interface for the communications 
routes. 


AN433 - I2C slave routines for the 83C751 


The 8XC751 microcontroller can be programmed as an 
l2?C-bus master, slave, or both. This article focuses on its 
use as a Slave and gives a programming example 
demonstrating the communications routes of the 8XC751 
as a slave on the I2C-bus. This example complements the 
program given in article AN422. 


AN434 - Connecting a PC keyboard to the I2C-bus 


This application note illustrates the use of the 8XC751 
microcontroller to interface a standard PC/AT keyboard to 
the l@C bus. The application software example easily fits 
within the 2K-bytes code and 64-bytes data memory 
provided on the 8XC751. 


AN438 - I2C routines for 8XC528 


This article presents a set of software routines to drive the 
I2C interface in 8XC528-type microcontrollers. A 
description of the I2C interface is given along with 
examples of how to use these routines in PL/M-51, C and 
assembly source code. 


AN444 - Using the P82B715 I2C extender on long 
cables 


The P82B715 I?C buffer was designed to extend the range 
of the logical I2@C-bus out to 50 m. This application note 
describes the results of testing the buffer on several 
different types of cables to determine the maximum 
operating distance possible. The results are summarized 
in a table for easy reference. 


ETV/AN89004 - PLM51 I2C software interface 1IC51 
(version 0.5) 


This document is a user manual for the I2C software 
module IIC51, and is intended for Intel PLM51 users who 
need to control an I?C-bus. There is a general description 
on the IIC51 software module, although some basic 
knowledge about I2C and Intel PLM51 is assumed. 


EIE/AN91007 - I2C driver routines for 8XC751/1 
microcontrollers 


This report described the I@C drivers that are written for the 
8XC751/2 and explains the structure of the software and 
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how to use the routines. The software is written around a 
set of basic routines and a message handler. The 
message handles contain no specific 8XC751 code so, by 
rewriting a set of basic routines, the software example can 
easily be modified for any other bit level I@C interface. 


Programming the I@C interface 


This article is taken from Dr. Dobb's 

Journal and gives a good overview of I2C-bus basics. It 
describes hardware requirements, building a framework 
and how to connect to the I2C-bus. 


The following application note is printed separately. The 
full version can be ordered from Philips Semiconductors. 


AN94078 - P90CL301 I2C driver routines 


This application note demonstrates how to write an 
l?C-bus driver for the Philips P90CL301 microcontroller 
and includes a set of application interface software 
routines to quickly implement a complete IC multimaster 
system application. 


The driver allows you to link modules to your application 
software and includes a head-file into the application 
source programs. A programming example on how to use 
the driver is also listed in the article. 


The driver supports polled or interrupt driven message 
handling, slave message transfer and multimaster system 
applications. Furthermore, it is suitable for use in 
conjunction with real-time operating systems such as 
pSOS+. 


The I2C-bus from theory to practice 


This 300-page book covers the |?C-bus history, protocol, 
applications and development tools, and is intended both 
for engineering students and professional electronics 
engineers. The book, and its accompanying software disk, 
may be ordered directly from the publisher, John Wiley & 
Son Ltd UK, telephone number +44 (0) 1243 770216, 
ISDN: 0471962686. 
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Purchase of Philips 12C components conveys 
a license under the Philips 1?C patent to use 

the components in the |7C system, provided 

the system conforms to the 1*C specifications 
defined by Philips. 


ACCESS.bus is a trademark of Digital Equipment Corporation. 
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The I?C-bus and how to use it 


(including specifications) 


1.0 THE I?7C-BUS BENEFITS 

DESIGNERS AND 

MANUFACTURERS 

In consumer electronics, 

telecommunications and industrial 

electronics, there are often many 

similarities between seemingly, 

unrelated designs. For example, 

nearly every system includes: 

= Some intelligent control, usually 
a single-chip microcontroller 

= General-purpose circuits like 
LCD drivers, remote I/O ports, 
RAM, EEPROM, or data 
converters 

= Application-oriented circuits 
such as digital tuning and 
signal processing circuits for 
radio and video systems, or 
DTMF generators for 
telephones with tone dialling. 


To exploit these similarities to the 
benefit of both systems designers 
and equipment manufacturers, as 
well as to maximize hardware 
efficiency and circuit simplicity, 
Philips developed a simple 
bidirectional 2-wire bus for efficient 
inter-IC control. This bus is called 
the Inter IC or ?C-bus. At present, 
Philips’ |C range includes more 
than 150 CMOS and bipolar |?C- 
bus compatible types for 
performing functions in all three of 
the previously mentioned. 
categories. All I?C-bus compatible 
devices incorporate an on-chip 
interface which allows them 

to communicate directly with each 
other via the I?C-bus. This design 
concept solves the many 
interfacing problems encountered 
when designing digital control 
circuits. 


Here are some of the features 

of the I?C-bus: 

= Only two bus lines are required; 
a serial data line (SDA) and a 
serial clock line (SCL) 

m= Each device connected to the 
bus is software addressable by 
a unique address and simple 
master/ slave relationships exist 
at all times; masters can 
operate as master-transmitters 
or as master-receivers 

= It’s a true multi-master bus 
including collision detection and 
arbitration to prevent data 
corruption if two or more 
masters simultaneously initiate 
data transfer 

® Serial, 8-bit oriented, 
bidirectional data transfers can 
be made at up to 100 kbit/s in 
the standard mode or up to 
400 kbit/s in the fast mode 

# On-chip filtering rejects spikes 
on the bus data line to 
preserve data integrity 

= The number of ICs that can be 
connected to the same bus is 
limited only by a maximum bus 
capacitance of 400 pF. 


Figure 1 shows two examples of 
I?C-bus applications. 


1.1 Designer benefits 

I?C-bus compatible ICs allow a 
system design to rapidly progress 
directly from a functional block 
diagram to a prototype. Moreover, 
since they ‘clip’ directly onto the 
I?C-bus without any additional 
external interfacing, they allow a 
prototype system to be 

modified or upgraded simply by 
‘clipping’ or ‘unclipping’ ICs to or 
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from the bus. 

Here are some of the features 
of |?C-bus compatible ICs which 
are particularly attractive to 
designers: 
™ Functional blocks on the block 

diagram correspond with the 

actual ICs; designs proceed 
rapidly from block diagram to 
final schematic 

= No need to design bus 
interfaces because the |?C-bus 
interface is already integrated 
on-chip 

m Integrated addressing and data- 
transfer protocol allow systems 
to be completely software- 
defined 

=m The same IC types can often 
be used in many different 
applications 

= Design-time reduces as 
designers quickly become 
familiar with the frequently used 
functional blocks represented 
by |?C-bus compatible ICs 

= ICs can be added to or 
removed from a system without 
affecting any other circuits on 
the bus 

= Fault diagnosis and debugging 
are simple; malfunctions can be 
immediately traced 

" Software development time can 

be reduced by assembling a 

library of reusable software 

modules. 


In addition to these 
advantages,the CMOS ICs in the 
I?C-bus compatible range offer 
designers special features which 
are particularly attractive for 
portable equipment and battery- 
backed systems. 
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Fig.1 Two examples of 12C-bus applications (a) a high performance highly- 
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MSB575 


They all have: 

2 Extremely low current 
consumption 

m High noise immunity _ 

= Wide supply voltage range 

m™ Wide operating temperature 
range. 


integrated TV set (b) DECT cordless phone base-station 


1.2 Manufacturer benefits _ 

I?C-bus compatible ICs don’t only 

assist designers, they also give a 

wide range of benefits to 

equipment manufacturers 

because: 

= The simple 2-wire serial I?C-bus 
minimizes interconnections so 
ICs have fewer pins and there 
are not so many PCB tracks; 
result - smaller and less — 
expensive PCBs 

m The completely integrated 1°C- 
bus protocol eliminates the 
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need for address decoders and 
other ‘glue logic’ 

= The multi-master capability of 
the I?C-bus allows rapid testing 
and alignment of end-user 
equipment via external 
connections to an assembly- 
line computer 

= The availability of I?C-bus 
compatible ICs in SO (small 
outline), VSO (very small 
outline) as well as DIL 
packages reduces space 
requirements even more. 


These are just some of the 
benefits. In addition, I?C-bus 
compatible ICs increase system 
design flexibility by allowing simple 
construction of equipment variants 
and easy upgrading to keep 
designs up-to-date. In this way, an 
entire family of equipment can be 
developed around a basic model. 
Upgrades for new equipment, or 
enhanced-feature models 

(i.e. extended memory, remote 
control, etc.) can then be 
produced simply by clipping the 
appropriate ICs onto the bus. If a 
larger ROM is needed, it’s simply 
a matter of selecting a micro- 
controller with a larger ROM from 
our comprehensive range. As new 
ICs supersede older ones, it’s 
easy to add new features to 
equipment or to increase its 
performance by simply unclipping 
the outdated IC from the bus and 
clipping on its successor. 


1.3 The ACCESS.bus 

Another attractive feature of the 
I?C-bus for designers and 
manufacturers is that its simple 2- 
wire nature and capability of 
software addressing make it an 
ideal platform for the ACCESS.bus 
(Fig.2). This is a lower-cost 
alternative for an RS-232C 
interface for connecting 
peripherals to a host computer via 
a simple 4-pin connector (see 
Section 19). 
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Fig.2 The ACCESS.bus - a low-cost alternative to an RS-232C interface 
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2.0 INTRODUCTION TO THE 

I?C-BUS SPECIFICATION 

For 8-bit digital control 

applications, such as those 

requiring microcontrollers, certain 

design criteria can be established: 

= A complete system usually 
consists of at least one 
microcontroller and other 
peripheral devices such as 
memories and I/O expanders 

= The cost of connecting the 
various devices within the 
system must be minimized 

= A system that performs a 
control function doesn’t require 
high-speed data transfer 

= Overall efficiency depends on 
the devices chosen and the 
nature of the interconnecting 
bus structure. 


In order to produce a system to 
satisfy these criteria, a serial bus 
structure is needed. Although 
serial buses don’t have the 
throughput capability of parallel 
buses, they do require less wiring 
and fewer IC connecting pins. 
However, a bus is not merely an 
interconnecting wire, it embodies 
all the formats and procedures for 
communication within the system. 
Devices communicating with 
each other on a serial bus must 
have some form of protocol which 
avoids all possibilities of 
confusion, data loss and blockage 
of information. Fast devices must 


be able to communicate with slow 
devices. The system must not be 
dependent on the devices 
connected to it, otherwise 
modifications or improvements 
would be impossible. A procedure 
has also to be devised to decide 
which device will be in control of 
the bus and when. And, if different 
devices with different clock speeds 
are connected to the bus, the bus 
clock source must be defined. All 
these criteria are involved in the 
specification of the I?C-bus. 


3.0 THE I?C-BUS CONCEPT 
The |?C-bus supports any IC 
fabrication process (NMOS, 
CMOS, bipolar). Two wires, serial 
data (SDA) and serial clock (SCL), 
carry information between the 


devices connected to the bus. 
Each device is recognised by a 
unique address - whether it’s a 
microcontroller, LCD driver, 
memory or keyboard interface - 
and can operate as either a 
transmitter or receiver, depending 
on the function of the device. 
Obviously an LCD driver is only a 
receiver, whereas a memory can 
both receive and transmit data. In 
addition to transmitters and 
receivers, devices can also be 
considered as masters or slaves 
when performing data transfers 
(see Table 1). A master is the 
device which initiates a data 
transfer on the bus and generates 
the clock signals to permit that 
transfer. At that time, any device 
addressed is considered a slave. 
The |?C-bus is a multi-master 
bus. This means that more than 
one device capable of controlling 
the bus can be connected to it. As 
masters are usually micro- 
controllers, let’s consider the case 
of a data transfer between two 
microcontrollers connected to the 
I?C-bus (Fig.3). This highlights the 
master-slave and receiver- 
transmitter relationships to be 
found on the I?C-bus. It should be 
noted that these relationships are 
not permanent, but only depend 


Table 1 Definition of I?C-bus terminology 


Transmitter 


The device which sends the data to the bus 


Description 


Receiver 
Master 


+ 


The device which receives the data from the bus 


The device which initiates a transfer, generates clock 
signals and terminates a transfer 


Slave 


The device addressed by a master 


Multi-master 


More than one master can attempt to control the bus at 
the same time without corrupting the message 


Arbitration 


Synchronization 
devices 
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Procedure to ensure that, if more than one master 
simultaneously tries to control the bus, only one is 
allowed to do so and the message is not corrupted 


Procedure to synchronize the clock signals of two or more 
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LCD 


MICRO - 
CONTROLLER 
A 


DRIVER 


Fig.3 Example of an |?C-bus configuration using two microcontrollers 


on the direction of data transfer at 

that time. The transfer of data 

would proceed as follows: 

1) Suppose microcontroller A 

wants to send information to 

microcontroller B: 

— microcontroller A (master), 
addresses microcontroller B 
(slave) 

— microcontroller A (master- 
transmitter), sends data to 
microcontroller B (slave- 
receiver) 

— microcontroller A terminates the 
transfer. 


2) If microcontroller A wants to 
receive information from 
microcontroller B: 

— microcontroller A (master) 
addresses microcontroller B 
(slave) 

— microcontroller A (master- 
receiver) receives data from 
microcontroller B (slave- 
transmitter) 

— microcontroller A terminates the 
transfer. 


Even in this case, the master 
(microcontroller A) generates the 
timing and terminates the transfer. 
The possibility of connecting 
more than one microcontroller to 
the I?C-bus means that more than 
one master could try to initiate a 


data transfer at the same time. To 
avoid the chaos that might ensue 
from such an event - an arbitration 
procedure has been developed. 
This procedure relies on the 
wired-AND connection of all I?C 
interfaces to the I?C-bus. 

If two or more masters try to 
put information onto the bus, the 
first to produce a ‘one’ when the 
other produces a ‘zero’ will lose 
the arbitration. The clock signals 
during arbitration are a 
synchronized combination of the 
clocks generated by the masters 
using the wired-AND connection to 
the SCL line (for more detailed 
information concerning arbitration 
see Section 7.0). 

Generation of clock signals on 
the I?C-bus is always the 
responsibility of master devices; 


pull-up 
resistors 
SDA (Serial Data Line) 


SCL (Serial Clock Line) ~ 
[  —s [sek 
i 

SCLKN1 DATAN1 

| OUT = OUT a 


DATA 


et IN 


DEVICE 1 


+Vpp 
Rp 1 Rp 


Fig.4. Connection of |?C-bus devices to the 17C-bus 
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each master generates its own 
clock signals when transferring 
data on the bus. Bus clock signals 
from a master can only be altered 
when they are stretched by a 
slow-slave device holding-down 
the clock line, or by another 
master when arbitration occurs. 


4.0 GENERAL 
CHARACTERISTICS 

Both SDA and SCL are 
bidirectional lines, connected to a 
positive supply voltage via a 
pull-up resistor (see Fig.4). When 
the bus is free, both lines are 
HIGH. The output stages of 
devices connected to the bus 
must have an open-drain or open- 
collector in order to perform the 
wired-AND function. Data on the 
I?C-bus can be transferred at a 
rate up to 100 kbit/s in the 
standard-mode, or up to 400 kbit/s 
in the fast-mode. The number of 
interfaces connected to the bus is 
solely dependent on the bus 
capacitance limit of 400 pF. 


5.0 BIT TRANSFER 

Due to the variety of different 
technology devices (CMOS, 
NMOS, bipolar) which can be 
connected to the I?C-bus, the 
levels of the logical ‘0’ (LOW) and 
‘1’ (HIGH) are not fixed and 
depend on the associated level of 
Vpp (see Section 15.0 for 
Electrical Specifications). One 


SCLK 


a 
| 

lsqgee JE | ogy 

| 


, SCLK DATA 
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clock pulse is generated for each hoot 

data bit transferred. sa ft XIN 
| | ee | 

5.1 Data validity | | ae | 

The data on the SDA line must be SCL ff NY \ | 


stable during the HIGH period of | 


| 
data line | change | 


| 
the clock. The HIGH or LOW state ? stable. | of data | 

of the data line can only change |  datavalid =| allowed | MBC621 
when the clock signal on the SCL Fig.5 Bit transfer on the |?C-bus 


line is LOW (see Fig.5). ae 


5.2 START and STOP 
conditions ‘halries eas: 
| 


Within the procedure of the I?C- SDA Cid \ | / =~ \ / gpa 


| 

; Cae: | | 

bus, unique situations arise which | | | ! 
| 

I 


are defined as START and STOP Bel: ete a ee a 
| I | 
conditions (see Fig.6). S ip 


| LC — — —t 


A HIGH to LOW transition on start condition stop condition 
the SDA line while SCL is HIGH is 
one such unique case. This Fig.6 START and STOP conditions 
situation indicates a START 
condition. 
A LOW to HIGH transition on microcontrollers with no such example servicing an internal 
the SDA line while SCL is HIGH interface have to sample the SDA __ interrupt, it can hold the clock line 
defines a STOP condition. line at least twice per clock period SCL LOW to force the transmitter 
START and STOP conditions in order to sense the transition. into a wait state. Data transfer 
are always generated by the then continues when the receiver 
master. The bus is considered to 6.0 TRANSFERRING DATA is ready for another byte of data 
be busy after the START 6.1 Byte format and releases clock line SCL. 
condition. The bus is considered Every byte put on the SDA line In some cases, it’s permitted to 
to be free again a certain time must be 8-bits long. The number use a different format from the 
after the STOP condition. This bus of bytes that can be transmitted I?C-bus format (for CBUS 
free situation is specified in per transfer is unrestricted. Each compatible devices for example). 
Section 15.0. byte has to be followed by an A message which starts with such 
Detection of START and STOP acknowledge bit. Data is an address can be terminated by 
conditions by devices connected transferred with the most generation of a STOP condition, 
to the bus is easy if they significant bit (MSB) first (Fig.7). If | even during the transmission of a 
incorporate the necessary a receiver can’t receive another byte. In this case, no acknowledge 
interfacing hardware. However, complete byte of data until it has is generated (see Section 9.1.3). 


performed some other function, for 


© ROOM TOOT 


acknowledgement acknowledgement | 
signal from receiver signal from receiver 


| interrupt within receiver 


| 
| 
| 
| byte complete, 
| 
| clock line held low while 


| 

| 

| ! 
interrupts are serviced | 


ig 
START STOP 
CONDITION msceo1 CONDITION 


Fig.7 Data transfer on the 1?C-bus 
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6.2 Acknowledge 

Data transfer with acknowledge is 
obligatory. The acknowledge- 
related clock pulse is generated 
‘by the master. The transmitter 
releases the SDA line (HIGH) 
during the acknowledge clock | 
pulse. 

The receiver must pull down — 
the SDA line during the 
acknowledge clock pulse so that it 
remains stable LOW during the 
HIGH period of this clock pulse 
(Fig.8). Of course, set-up and hold 
times (specified in Section 15) 
must also be taken into account. 

Usually, a receiver which has 
been addressed is obliged to 
generate an acknowledge after 
each byte has been received, 
except when the message starts 
with a CBUS address (see 
Section 9.1.3). 

When a slave-receiver doesn’t 
acknowledge the slave address 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


SCL FROM 4 
MASTER | | 


pe 
START 
CONDITION... - 


counter 


ak reset 


ea Lae 


| | 
megs. So ee 
[EP st) 


(for example, it’s unable to receive 
because it’s performing some 
real-time function), the data line 
must be left HIGH by the slave. 
The master can then generate a 
STOP condition to abort the 
transfer. 

If a slave-receiver does 
acknowledge the slave address 
but, some time later in the transfer 
cannot receive any more data 
bytes, the master must again 
abort the transfer. This is 
indicated by the slave generating 
the not acknowledge on the first 
byte to follow. The slave leaves 
the data line HIGH and the master 
generates the STOP condition. 

If a master-receiver is involved 
in a transfer, it must signal the 
end of data to the slave- 
transmitter by not generating an 
acknowledge on the last byte that 
was clocked out of the slave. The 
slave-transmitter must release the 


not acknowledge 


acknowledge 


clock pulse for 
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Fig.8 Acknowledge on the |*C-bus 


start counting 


i HIGH period 
wait 
state 
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Fig.9 Clock synchronization during the arbitration procedure 


50 


l2?C-bus and how to use it 


data line to allow the master to 


generate a STOP or repeated ~ 
START condition. 


7.0 ARBITRATION AND 
CLOCK GENERATION 
7.1. Synchronization 


~ All masters generate their own 


clock on the SCL line to transfer 
messages on the |?C-bus. Data is 
only valid during the HIGH period 
of the clock. A defined clock is 
therefore needed for the bit-by-bit 
arbitration procedure to take 
place. 

Clock synchronization is 
performed using the wired-AND 
connection of |?C interfaces to the 
SCL line. This means that a HIGH 
to LOW transition on the SCL line 
will cause the devices concerned 
to start counting off their LOW 
period and, once a device clock 
has gone LOW, it will hold the 
SCL line in that state until the 
clock HIGH state is reached 
(Fig.9). However, the LOW to 
HIGH transition of this clock may 
not change the state of the SCL 
line if another clock is still within 
its LOW period. The SCL line will 
therefore be held LOW by the 
device with the longest LOW 
period. Devices with shorter LOW 
periods enter a HIGH wait-state 
during this time. 

When all devices concerned 
have counted off their LOW 
period, the clock line will be 
released and go HIGH. There will 
then be no difference between the 
device clocks and the state of the 
SCL line, and all the devices will 
start counting their HIGH periods. 
The first device to complete its 
HIGH period will again pull the 
SCL line LOW. 

In this way, a synchronized 
SCL clock is generated with its 
LOW period determined by the 
device with the longest clock LOW 
period, and its HIGH period 
determined by the one with the 
shortest clock HIGH period. 
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7.2 Arbitration 

A master may start a transfer only 
if the bus is free. Two or more 
masters may generate a START 
condition within the minimum hold 
time (typ.sta) of the START 
condition which results in a 
defined START condition to the 
bus. 

Arbitration takes place on the 
SDA line, while the SCL line is at 
the HIGH level, in such a way that 
the master which transmits a 
HIGH level, while another master 
is transmitting a LOW level will 
switch off its DATA output stage 
because the level on the bus 
doesn’t correspond to its own 
level. 

Arbitration can continue for 
many bits. Its first stage is 
comparison of the address bits 
(addressing information is in 
Sections 9.0 and 13.0). If the 
masters are each trying to 
address the same device, 
arbitration continues with 
comparison of the data. Because 
address and data information on 
the I?C-bus is used for arbitration, 
no information is lost during this 
process. 

A master which loses the 
arbitration can generate clock 
pulses until the end of the byte in 
which it loses the arbitration. 

lf a master also incorporates a 
slave function and it loses 


arbitration during the addressing 
stage, it’s possible that the 
winning master is trying to 
address it. The losing master must 
therefore switch over immediately 
to its slave-receiver mode. 

Figure 10 shows the arbitration 
procedure for two masters. Of 
course, more may be involved 
(depending on how many masters 
are connected to the bus). The 
moment there is a difference 
between the internal data level of 
the master generating DATA 1 
and the actual level on the SDA 
line, its data output is switched off, 
which means that a HIGH output 
level is then connected to the bus. 
This will not affect the data 
transfer initiated by the winning 
master. 

Since control of the I?C-bus is 
decided solely on the address and 
data sent by competing masters, 
there is no central master, nor any 
order of priority on the bus. 

Special attention must be paid 
if, during a serial transfer, the 
arbitration procedure is still in 
progress at the moment when a 
repeated START condition or a 
STOP condition is transmitted to 
the I?C-bus. If it’s possible for 
such a situation to occur, the 
masters involved must send this 
repeated START condition or 
STOP condition at the same 
position in the format frame. In 
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other words, arbitration isn’t 

allowed between: 

~— A repeated START condition 
and a data bit 

— A STOP condition and a 
data bit 

— A repeated START condition 
and a STOP condition. 


7.3 Use of the clock 
synchronizing mechanism as a 
handshake 

In addition to being used during 
the arbitration procedure, the clock 
synchronization mechanism can 
be used to enable receivers to 
cope with fast data transfers, on 
either a byte level or a bit level. 

On the byte level, a device may 
be able to receive bytes of data at 
a fast rate, but needs more time 
to store a received byte or 
prepare another byte to be 
transmitted. Slaves can then hold 
the SCL line LOW after reception 
and acknowledgement of a byte to 
force the master into a wait state 
until the slave is ready for the next 
byte transfer in a type of 
handshake procedure. 

On the bit level, a device such 
as a microcontroller without, or 
with only a limited hardware I?C 
interface on-chip can slow down 
the bus clock by extending each 
clock LOW period. The speed of 
any master is thereby adapted to 
the internal operating rate of this 
device. 


transmitter 1 loses arbitration 
DATA 14SDA 


Fig.10 Arbitration procedure of two masters 
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8.0 FORMATS WITH 7-BiT 

ADDRESSES 

Data transfers follow the format 

shown in Fig.11. After the START 

condition (S), a slave address is 
sent. This address is 7 bits long 
followed by an eighth bit which is 

a data direction bit (R/W) - a 

‘zero’ indicates a transmission 

(WRITE), a ‘one’ indicates a 

request for data (READ). A data 

transfer is always terminated by a 

STOP condition (P) generated by 

the master. However, if a master 

still wishes to communicate on the 
bus, it can generate a repeated 

START condition (Sr) and address 

another slave without first 

generating a STOP condition. 

Various combinations of read/write 

formats are then possible within 

such a transfer. 
Possible data transfer formats 

are: . 

— Master-transmitter transmits 
to slave-receiver. The transfer 
direction is not changed 
(Fig.12) | 

— Master reads slave 
immediately after first byte 
(Fig.13). At the moment of the 
first acknowledge, the master- 
transmitter becomes a master- 
receiver and the slave-receiver 
becomes a slave-transmitter. 
This acknowledge is still 
generated by the slave. The 
STOP condition is generated by 
the master 

- Combined format (Fig.14). 
During a change of direction 
within a transfer, the START 
condition and the slave address 
are both repeated, but with the 
R/W bit reversed. If a master 
receiver sends a repeated 
START condition, it has 
previously sent a not 
acknowledge (A). 
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START ADDRESS R/W 
CONDITION 


Fig.11 A complete data transfer 


DATA ACK STOP 
CONDITION 


MBC604 


‘O' (write) 
V/, trom master to slave 


[J from slave to master 


MBC605 


= 


Fig.12 A master-transmitter addresses a slave receiver with a 7-bit address. 
The transfer direction is not changed 


ae data transferred eae 


(n bytes + acknowledge) 


A= acknowledge (SDA LOW) 

A = not acknowledge (SDA HIGH) 
S = START condition 

P = STOP condition 


oe 


EISELE 
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Gi 7 / YS A/S (/ = L/ 
eg SLAVE ADDRESS PRIN] A DATA WA ES SLAVE ADDRESS PRIN] A DATA WAL PZ 
a a Q 3 d a 2 


NOTES: 

1) Combined formats can be used, for 
example, to control a serial 
memory. During the first data byte, 
the internal memory location has to 
be written. After the START 
condition and slave address is 
repeated, data can be transferred. 
All decisions on auto-increment or 
decrement of previously accessed 
memory locations etc. are taken by 
the designer of the device. 


2 


— 
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| Fig.13 A master reads a slave immediately after the first byte 


|_(n bytes | L(n bytes | 

* * 

read or write + ack) + ack.) 
read or write direction 
of transfer 
* transfer direction of 5 may change 
data and acknowledge bits Sr = repeated START condition at this point. 
depends on R/W bits. MBC607 


Fig.14 Combined format 


ae data transferred eae 


(n bytes + acknowledge) 


3) Each byte is followed by an 
acknowledgement bit as indicated 
by the A or A blocks in the 
sequence. 

I?C-bus compatible devices must 
reset their bus logic on receipt of a 
START or repeated START 
condition such that they all 
anticipate the sending of a slave 
address. 
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9.0 7-BIT ADDRESSING (see 
Section 13 for 10-bit 
addressing) 

The addressing procedure for the 
I2C-bus is such that the first byte 
after the START condition usually 
determines which slave will be 
selected by the master. The 
exception is the ‘general call 
address which can address all 
devices. When this address is 
used, all devices should, in theory, 
respond with an acknowledge. 
However, devices can be made to 
ignore this address. The second 
byte of the general call address 
then defines the action to be 
taken. This procedure is explained 
in more detail in Section 9.1.1. 


9.1. Definition of bits in the first 
byte 

The first seven bits of the first 
byte make up the slave address 
(Fig.15). The eighth bit is the LSB 
(least significant bit). It determines 
the direction of the message. A 
‘zero’ in the least significant 
position of the first byte means 
that the master will write 
information to a selected slave. A 
‘one’ in this position means that 
the master will read information 
from the slave. 

When an address is sent, each 
device in a system compares the 
first seven bits after the START 
condition with its address. If they 
match, the device considers itself 
addressed by the master as a 
slave-receiver or slave-transmitter, 
depending on the R/W bit. 

A slave address can be made- 
up of a fixed and a programmable 
part. Since it’s likely that there will 
be several identical devices in a 
system, the programmable part of 
the slave address enables the 
maximum possible number of 
such devices to be connected to 
the I?C-bus. The number of 
programmable address bits of a 
device depends on the number of 
pins available. For example, if a 


device has 4 fixed and 3 
programmable address bits, a total 
of 8 identical devices can be 
connected to the same bus. 

The I?C-bus committee 
coordinates allocation of |?C 
addresses. Further information can 
be obtained from the Philips 
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representatives listed on the back 
cover. Two groups of eight 
addresses (OOOOXXX and 
1111XXX) are reserved for the 
purposes shown in Table 2. The 
bit combination 11110XX of the 
slave address is reserved for 10- 
bit addressing (see Section 13). 


Table 2 Definition of bits in the first byte 


NOTES: 


1) No device is allowed to 
acknowledge at the reception of the 
START byte. 

2) The CBUS address has been 
reserved to enable the inter-mixing 
of CBUS compatible and |?C-bus 
compatible devices in the same 
system. |?C-bus compatible devices 
are not allowed to respond on 
reception of this address. 


Slave RW bit Description 
address 
0000 000 0 General call address 
| enemas 
0000 000 1 START byte 
0000 001 xX CBUS address 
0000 010 Xx Address reserved for different bus format 
0000 011 Xx | 
pon) Ta . Reserved for future purposes 
1111 1XX xX 
1111 OXX X 10-bit slave addressing 


oes slave address ees 


Fig.15 The first byte after the START procedure 


3) The address reserved for a different 
bus format is included to enable |?C 
and other protocols to be mixed. 
Only |?C-bus compatible devices 
that can work with such formats 
and protocols are allowed to 
respond to this address. 
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9.1.1 General call address 
The general call address is for 
addressing every device 
connected to the I?C-bus. 
However, if a device doesn’t need 
any of the data supplied within the 
general call structure, it can ignore 
this address by not issuing an 
acknowledgement. If a device 
does require data from a general 
call address, it will acknowledge 
this address and behave as a 
slave- receiver. The second and 
following bytes will be 
acknowledged by every slave- 
receiver capable of handling this 
data. A slave which cannot 
process one of these bytes must 
ignore it by not acknowledging. 
The meaning of the general call 
address is always specified in the 
second byte (Fig. 16). 

There are two cases to 
consider: 


= When the least significant bit B 


is a ‘zero’ 
= When the least significant bit B 
is a ‘one’. 


When bit B is a ‘zero’; the 
second byte has the following 
definition: 

- 00000110 (H‘06’). Reset and 


write programmable part of 


slave address by hardware. On | 


receiving this 2-byte sequence, 


all devices designed te respond 7 


to the general call address will 
reset and take in the 
programmable part of their 
address. Precautions have to 
be taken to ensure that a 
device is not pulling down the 
SDA or SCL line after applying 
the supply voltage, since these 
low levels would block the bus 

- 00000100 (H‘04’). Write 
programmable part of slave 
address by hardware. All 
devices which define the 
programmable part of their 
address by hardware (and 
which respond to the general 
call address) will latch this 
programmable part at the 
reception of this two byte 
sequence. The device will not 
reset. 

— 00000000 (H‘00’). This code is 
not allowed to be used as the 
second byte. 


Sequences of programming 

procedure are published in the 

appropriate device data sheets. 
The remaining codes have not 


l?C-bus and how to use it 


. been fixed and devices must 


ignore them. 


When bit B is a ‘one’; the 2- 
byte sequence is a ‘hardware 
general call’. This means that the 
sequence is transmitted by a 
hardware master device, such as 
a keyboard scanner, which cannot 
be programmed to transmit a 
desired slave address. Since a 
hardware master doesn’t know in 
advance to which device the 
message has to be transferred, it 
can only generate this hardware 
general call and its own address - 
identifying itself to the system 
(Fig.17). 

The seven bits remaining in the 
second byte contain the address 
of the hardware master. This 
address is recognised by an 
intelligent device (e.g. a 
microcontroller) connected to the 
bus which will then direct the 
information from the hardware 
master. If the hardware master 
can also act as a slave, the slave © 
address is identical to the master 
address. 

In some systems, an alternative 
could be that the hardware master 
transmitter is set in the slave- 


ee first byte eae 


(general call address) 


aie 
jofololofololo}ola}x|x{x]x]x/x/x/s/ a) 
aa second byte uae 
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Fig.16 General call address format 


general 
call address 


Fig.17 Data transfer from a hardware master-transmitter 


(n bytes + ack.) 
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GZ O PLEL y % 
CS4 DUMP ADDR. FROM H/W MASTER JA/W| A EDATAY A | 
4 | : 


G AL. GW VY W 
Ls4 SLAVE ADDR. H/W MASTER ARI A | DUMP ADDR. FOR H/W MASTER x] a 
A d d ZI a 


write 


(a) 


we (n bytes + ack.) 


(b) 


Fig.18 Data transfer by a hardware-transmitter capable of dumping data 
directly to slave devices (a) Configuring master sends dump address to 
hardware master (b) Hardware master dumps data to selected slave 
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receiver mode after the system 
reset. In this way, a system 
configuring master can tell the 
hardware master-transmitter 
(which is now in slave-receiver 
mode) to which address data must 
be sent (Fig.18). After this 
programming procedure, the 
hardware master remains in the 
master-transmitter mode. 


9.1.2 START byte 
Microcontrollers can be connected 
to the I?C-bus in two ways. A 
microcontroller with an on-chip 
hardware I?C-bus interface can be 
programmed to be only interrupted 
by requests from the bus. When 
the device doesn’t have such an 
interface, it must constantly 
monitor the bus via software. 
Obviously, the more times the 
microcontroller monitors, or polls 
the bus, the less time it can spend 
carrying out its intended function. 


There is therefore a speed 
difference between fast hardware 
devices and a relatively slow 
microcontroller which relies on 
software polling. 

In this case, data transfer can 
be preceded by a start procedure 
which is much longer than normal 
(Fig.19). The start procedure 
consists of: 

- A START condition (S) 

-—- A START byte (00000001) 
An acknowledge clock pulse 
(ACK) 

A repeated START condition 
(Sr). 


After the START condition S has 
been transmitted by a master 
which requires bus access, the 
START byte (000000071) is 
transmitted. Another 
microcontroller can therefore 
sample the SDA line at a low 
sampling rate until one of the 


(HIGH) 


|}~«—————- start byte 00000001 —————>| 


Fig.19 START byte procedure 
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seven zeros in the START byte is 
detected. After detection of this 
LOW level on the SDA line, the 
microcontroller can switch to a 
higher sampling rate to find the 
repeated START condition Sr 
which is then used for 
synchronization. 

A hardware receiver will reset 
on receipt of the repeated START 
condition Sr and will therefore 
ignore the START byte. 

An acknowledge-related clock 
pulse is generated after the 
START byte. This is present only 
to conform with the byte handling 
format used on the bus. No device 
is allowed to acknowledge the 
START byte. 


_ | 
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9.1.3 CBUS compatibility the CBUS message. For this Master-transmitters can send 
CBUS receivers can be connected reason, a special CBUS address CBUS formats after sending the 
to the I?C-bus. However, a third (0000001X) to which no I?C-bus CBUS address. The transmission 
bus line called DLEN must then compatible device will respond, is ended by a STOP condition, 
be connected and the has been reserved. After recognised by all devices. 
acknowledge bit omitted. Normally, transmission of the CBUS 


NOTE: If the CBUS confi tion i 
I7C transmissions are sequences _ address, the DLEN line can be Cr H terns 


known, and expansion with CBUS 


of 8-bit bytes; CBUS compatible made active and a CBUS-format — compatible devices isn’t foreseen, the 
devices have different formats. transmission (Fig.20) sent. After designer is allowed to adapt the hold 
In a mixed bus structure, I?C- the STOP condition, all devices time to the specific requirements of the 
bus devices must not respond to are again ready to accept data. device(s) used. 
Po] 7 


ad | ee ae ee am Meee REIN, | em [SPB | PST P re eR cane a Oe SONS ad 
START CBUS RW ACK n - data bits CBUS STOP 
condition address bit related load pulse condition 
clock pulse 
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Fig.20 Data format of transmissions with CBUS transmitter/receiver 
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10.0 ELECTRICAL 


CHARACTERISTICS FOR IC- Vppe - 4 are device dependent (e.g. 12 V) 
BUS DEVICES 
The electrical specifications for the Vppi=5V410%  Vppe2 VDD3 Vpp4 


/Os of I?C-bus devices and the 
characteristics of the bus lines 
connected to them are given in 
Tables 3 and 4 in Section 15. 

I?C-bus devices with fixed input 
levels of 1.5 V and 3 V can each 
have their own appropriate supply MBC610 
voltage. -Fulbup resistors must ve Fig.21 Fixed input level devices connected to the |*C-bus 
connected to a 5 V + 10% supply ; | 
(Fig.21). I?C-bus devices with 
input levels related to Vpp must 
have one common supply line to 
which the pull-up resistor is also 
connected (Fig.22). 

When devices with fixed input 
levels are mixed with devices with 
input levels related to Vpp, the 
latter devices must be connected 
to one common supply line of 5 V 
+ 10% and must have pull-up MBC625 
resistors connected to their SDA 
and SCL pins as shown in Fig.23. 

Input levels are defined in such 


Fig.22 Devices with wide supply voltage range connected to the 1?C-bus 


a way that: 
— The noise margin on the LOW Vppe2,3 are device dependent (e.g. 12 V) 
— The noise margin on the HIGH 5V+10% V pp2 Vpp3 


level is 0.2 Vop 

— As shown in Fig.24, series 
resistors (R,) of e.g. 300 Q can 
be used for protection against 
high-voltage spikes on the SDA 
and SCL lines (due to 
flash-over of a TV picture tube, MBC626 
for example). Fig.23 Devices with input levels related to Vpn (supply Vp) mixed with 

fixed input level devices (supply Vpp23) on the |?C-bus 


10.1 Maximum and minimum 

values of resistors R, and R, 

For standard-mode [*C-bus 

devices, the values of resistors R, 

and R, in Fig.24 depend on the 

following parameters: 

— Supply voltage 

— Bus capacitance 

— Number of connected devices 
(input current + leakage 


current). 
The supply voltage limits the MBC627 
minimum value of resistor R, due Fig.24 Series resistors (R,) for protection against high-voltage spikes 
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to the specified minimum sink 
current of 3 mA at Voimax = 0.4 V value Fp 
for the output stages. Vpp as a 
function of Ry min is shown in 
Fig.25. The desired noise margin 
of 0.1Vpp for the LOW level, limits 
the maximum value of R,. Rg max 
as a function of R, is shown in 
Fig.26. 

The bus capacitance is the total 


capacitance of wire, connections 
and pins. This capacitance limits Fig.25 Minimum value of R, as a function of supply voltage with the value 
of R, as a parameter 


the maximum value of R, due to 
the specified rise time. Fig.27 
shows Ry max a a function of bus 
capacitance. 

The maximum HIGH level input 
current of each input/output 
connection has a specified 
maximum value of 10 WA. Due to 
the desired noise margin of 
0.2Vpp for the HIGH level, this 


input current limits the maximum 


value of R,. This limit depends on 0 400 goo. 1200.~—~+1600 

Vpp: The total HIGH level input Semone 

current is shown as a function of Fig.26 Maximum value of R, as a function of the value of R,, with supply 
mine voltage as a parameter 

Ry max in Fig.28. g P 


bus capacitance (pF) 


Fig.27 Maximum value of R, as a function of bus capacitance for a 
standard-mode |2C-bus 
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0 
0 40 80 120 160 200 
total high level input current (uA) 


Fig.28 Total HIGH level input current as a function of the maximum value 
of R, with supply voltage as a parameter 
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11.0 EXTENSIONS TO THE 
I?C-BUS SPECIFICATION 
The |?C-bus with a data transfer 
rate of up to 100 kbit/s and 7-bit 
addressing has now been in 
existence for more than ten years 
with an unchanged specification. 
The concept is accepted world- 
wide as a de facto standard and 
hundreds of different types of I?C- 
bus compatible ICs are available 
from Philips and other suppliers. 
The I?C-bus specification is now 
extended with the following two 
features: 
= A fast-mode which allows a 
fourfold increase of the bit rate 
to 0 to 400 kbit/s 
= 10-bit addressing which allows 
the use of up to 1024 additional 
addresses. 


There are two reasons for these 
extensions to the I?C-bus 
specification: 

— New applications will need to 
transfer a larger amount of 
serial data and will therefore 
demand a higher bit rate than 
100 kbit/s. Improved IC 
manufacturing technology now 
allows a fourfold speed 
increase without increasing the 
manufacturing cost of the 
interface circuitry 

— Most of the 112 addresses 
available with the 7-bit 
addressing scheme have been 
issued more than once. To 
prevent problems with the 
allocation of slave addresses 
for new devices, it is desirable 
to have more address 
combinations. About a tenfold 
increase of the number of 
available addresses is obtained 
with the new 10-bit addressing. 


All new devices with an I?C-bus 
interface are provided with the 
fast-mode. Preferably, they should 
be able to receive and/or transmit 
at 400 kbit/s. The minimum 
requirement is that they can 


synchronize with a 400 kbit/s 
transfer; they can then prolong the 
LOW period of the SCL signal to 
slow down the transfer. Fast-mode 
devices must be downward- 
compatible which means that they 
must still be able to communicate 
with 0 to 100 kbit/s devices in a 0 
to 100 kbit/s |?C-bus system. 

Obviously, devices with a 0 to 
100 kbit/s |*C-bus interface cannot 
be incorporated in a fast-mode 
\?C-bus system because, since 
they cannot follow the higher 
transfer rate, unpredictable states 
of these devices would occur. 

Slave devices with a fast-mode 
?C-bus interface can have a 7-bit 
or a 10-bit slave address. 
However, a 7-bit address is 
preferred because it is the 
cheapest solution in hardware and 
it results in the shortest message 
length. Devices with 7-bit and 10- 
bit addresses can be mixed in the 
same |*C-bus system regardless 
of whether it is a 0 to 100 kbit/s 
standard-mode system or a 0 to 
400 kbit/s fast-mode system. Both 
existing and future masters can 
generate either 7-bit or 10-bit 
addresses. 


12.0 FAST-MODE 

In the fast-mode of the |?C-bus, 

the protocol, format, logic levels 

and maximum capacitive load for 

the SDA and SCL lines quoted in 

the previous I?C-bus specification 

are unchanged. Changes to the 

previous |?C-bus specification are: 

- The maximum bit rate is 
increased to 400 kbit/s 

— Timing of the serial data (SDA) 
and serial clock (SCL) signals 
has been adapted. There is no 
need for compatibility with other 
-bus systems such as CBUS 
because they cannot operate at 
the increased bit rate 

— The inputs of fast-mode 
devices must incorporate spike 
suppression and a Schmitt 
trigger at the SDA and SCL 
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inputs 

— The output buffers of fast-mode 
devices must incorporate slope 
control of the falling edges of 
the SDA and SCL signals 

— lf the power supply to a fast- 
mode device is switched off, 
the SDA and SCL I/O pins 
must be floating so that they 
don’t obstruct the bus lines 

— The external pull-up devices 
connected to the bus lines must 
be adapted to accommodate 
the shorter maximum 
permissible rise time for the 
fast-mode |?C-bus. For bus 
loads up to 200 pF, the pull-up 
device for each bus line can be 
a resistor; for bus loads 
between 200 pF and 400 pF, 
the pull-up device can be a 
current source (3 mA max.) or 
a switched resistor circuit as 
shown in Fig.37. 


13.0 10-BIT ADDRESSING 
The 10-bit addressing does not 
change the format in the I?C-bus 
specification. Using 10 bits for 
addressing exploits the reserved 
combination 1111XXX for the first 
seven bits of the first byte 
following a START (S) or repeated 
START (Sr) condition as explained 
in Section 9.1. The 10-bit 
addressing does not affect the 
existing 7-bit addressing. Devices 
with 7-bit and 10-bit addresses 
can be connected to the same 
I?C-bus, and both 7-bit and 10-bit 
addressing can be used ina 
standard-mode system (up to 

100 kbit/s) or a fast-mode system 
(up to 400 kbit/s). 

Although there are eight 
possible combinations of the 
reserved address bits 1111XXX, 
only the four combinations 
11110XX are used for 10-bit 
addressing. The remaining four 
combinations 11111XX are 
reserved for future |?C-bus 
enhancements. 
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13.1 Definition of bits in the 
first two bytes 

The 10-bit slave address is 
formed from the first two bytes 


following a START condition (S) or 4111410XX 0 ig 
+ ieee inst covon bite of tha tar | EA iaans. BMA's | A2{08a| a] [Bars aal 
The first seven bits of the first Loree St TBS A and BYTE 4 A |) Ke ZY 
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byte are the combination 11110XX 
of which the last two bits (XX) are 
the two most-significant bits 
(MSBs) of the 10-bit address; the 
eighth bit of the first byte is the 
R/W bit that determines the 
direction of the message. A ‘zero’ 
in the least significant position of 
the first byte means that the 
master will write information to a 
selected slave. A ‘one’ in this 
position means that the master will 
read information from the slave. 

If the R/W bit is ‘zero’, then 
the second byte contains the 
remaining 8 bits (XXXXXXXX) of 
the 10-bit address. If the R/W bit 
is ‘one’, then the next byte 
contains data transmitted from a 
slave to a master. | 


(write) 


Fig.29 A master-transmitter addresses a slave-receiver with a 10-bit 
address 


11110XX 0O 11110XX 1 


7 ? V4 p 7A~ ~~ ade 
SLAVE ADDRES SLAVE ADDRESS SLAVE ADDRESS 
| | 


(read) MBC614 


(write) 


13.2 Formats with 10-bit 

addresses 

Various combinations of read/write 

formats are possible within a 

transfer that includes 10-bit 

addressing. Possible data transfer 
formats are: 

- Master-transmitter transmits 
to slave-receiver with a 10-bit 
slave address. The transfer 
direction is not changed 
(Fig.29). When a 10-bit 
address follows a START 
condition, each slave compares 
the first seven bits of the first 
byte of the slave address 
(11110XX) with its own address 
and tests if the eighth bit (R/W 
direction bit) is 0. It is possible 


Fig.30 A master-receiver addresses a slave-transmitter with a 10-bit 
address 


11110XX 0 
VZASLAVE ADDRESSY. ik ISLAVE ADDRESS A 7 A 
“A Ast TBITS 7 2nd BYTE 4 y 

| 


(write) 


ee 72 = 
AVA 

aren Ld 

11110XX 1 


/, YY 17 V7 
SLAVE ADDRESS 
(ipsa ras 25) * [PAYA 
| 


eos MMLLD 


_ MBC615 


(read) 


Fig.31 Combined format. A master addresses a slave with a 10-bit address, 
then transmits data to this slave and reads data from this slave 


— Master-receiver reads slave- 
transmitter with a 10-bit slave 


own addresses, but only one 
slave will find a match and 


that more than one device will 
find a match and generate an 
acknowledge (A1). All slaves 
that found a match will 
compare the eight bits of the 
second byte of the slave 
address (XXXXXXXX) with their 


generate an acknowledge (A2). 
The matching slave will remain 
addressed by the master until it 
receives a STOP condition (P) 
or a repeated START condition 
(Sr) followed by a different 
slave address 
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address. The transfer 
direction is changed after the 
second R/W bit (Fig.30). Up 
to and including acknowledge 
bit A2, the procedure is the 
same as that described for a 
master-transmitter addressing a 
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occupies the bus all the time. 


NOTES: 

1) Combined formats can be used, for 
example, to control a serial 
memory. During the first data byte, 
the internal memory location has to 


11110XX oOo 


Caer ADDRESS rw) a Are ADDRESS LA BDATAL A 
/4 1st 7 BITS VILL) 2nd BYTE j Z 
(write 


ist 7 BITS 


Fig.32 Combined format. A master transmits data to two slaves, both with 
10-bit addresses 


) 
11110XX 0 
LZASIAVE ADBRESSY-], PSLAVE ADDRESS] , f; : KANNAS 
4 } 2nd BYTE Ae) BA y 


(write) 


0 
‘/ASLAVE ADDRESS} y 
| 
(write) 


114110XX 0 


(write) 


Fig.33 Combined format. A master transmits data to two slaves, one with 
a 7-bit address, and one with a 10-bit address 


slave-receiver. After the 
repeated START condition (Sr), 
a matching slave remembers 
that it was addressed before. 
This slave then checks if the 
first seven bits of the first byte 
of the slave address following 
Sr are the same as they were 
after the START condition (S), 
and tests if the eighth (R/W) bit 
is 1. If there is a match, the 
slave considers that it has been 
addressed as a transmitter and 
generates acknowledge A3. 
The slave-transmitter 
remains addressed until it 
receives a STOP condition (P) 
or until it receives another 
repeated START condition (Sr) 
followed by a different slave 
address. After a repeated 
START condition (Sr), all the 
other slave devices will also 
compare the first seven bits of 
the first byte of the slave 
address (11110XX) with their 
own addresses and test the 
eighth (R/W) bit. However, 
none of them will be addressed 
because R/W = 1 (for 10-bit 


pare A, 


V/A st 7 BITS OF 10-BiTT: a [end BYTE OF 10-BiT] YZ i, en 
A SLAVE ADDRESS 177] SLAVE ADDRESS 
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VI. V7 
DANN 0) 
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devices), or the 11110XX slave 
address (for 7-bit devices) does 
not match) 

Combined format. A master 
transmits data to a slave and 
then reads data from the 
same slave (Fig.31). The 
same master occupies the bus 
all the time. The transfer 
direction is changed after the 
second R/W bit 

Combined format. A master 
transmits data to one slave 
and then transmits data to 
another slave (Fig.32). The 
same master occupies the bus 
all the time 

Combined format. 10-bit and 
7-bit addressing combined in 
one serial transfer (Fig.33). 
After each START condition 
(S), or each repeated START 
condition (Sr), a 10-bit or 7-bit 
slave address can be 
transmitted. Figure 33 shows 
how a master-transmits data to 
a slave with a 7-bit address 
and then transmits data to a 
second slave with a 10-bit 
address. The same master 
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be written. After the START 
condition and slave address is 
repeated, data can be transferred. 
All decisions on auto-increment or 
decrement of previously accessed 


~ 


memory locations etc. are taken by 


the designer of the device. 

Each byte is followed by an 
acknowledgement bit as indicated 
by the A or A blocks in the 
sequence. 

4) |?C-bus compatible devices must 


= 


reset their bus logic on receipt of a 


START or repeated START 
condition such that they all 
anticipate the sending of a slave 
address. 


14.0 GENERAL CALL 


ADDRESS AND START BYTE 


The 10-bit addressing procedure 
for the 1?C-bus is such that the 
first two bytes after the START 
condition (S) usually determine 


which slave will be selected by the 


master. The exception is the 
‘general call’ address 00000000 
(H‘00’). Slave devices with 10-bit 


addressing will react to a ‘general 


call’ in the same way as slave 


devices with 7-bit addressing (see 


Section 9.1.1). 


Hardware masters can transmit 


their 10-bit address after a 
‘general call’. In this case, the 
‘general call’ address byte is 


followed by two successive bytes 


containing the 10-bit address of 


the master-transmitter. The format 


is as shown in Fig.17 where the 


first DATA byte contains the eight 
least-significant bits of the master 


address. 
The START byte 00000001 
(H‘01’) can precede the 10-bit 


addressing in the same way as for 


7-bit addressing (see Section 
9.1.2). 
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15.0 ELECTRICAL 
SPECIFICATIONS AND 
TIMING FOR I/O STAGES © 
AND BUS LINES 
The I/O levels, I/O current, spike 
suppression, output slope control 
and pin capacitance for |?C-bus 
devices are given in Table 3. The 
I?C-bus timing is given in Table 4. 
Figure 34 shows the timing 
definitions for the I?C-bus. 

The noise margin for HIGH and 


LOW levels on the bus lines for 
fast-mode devices are the same 
as those specified in Section 10.0 
for standard-mode |?C-bus 
devices. 

The minimum HIGH and LOW 
periods of the SCL clock specified 
in Table 4 determine the 
maximum bit transfer rates of 
100 kbit/s for standard-mode 
devices and 400 kbit/s for fast 
mode devices. Standard-mode 
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and fast-mode I?C-bus devices 
must be able to follow transfers at 
their own maximum bit rates, 
either by being able to transmit or 
receive at that speed or by 
applying the clock synchronization 
procedure described in Section 7 
which will force the master into a 
wait state and stretch the LOW 
period of the SCL signal. Of 
course, in the latter case the bit 
transfer rate is reduced. 


Table 3 Characteristics of the SDA and SCL V/O stages for I?C-bus devices 


nes not applicable 
maximum Vii4 = Vopmax + 9-5 V 


C,, = capacitance of one bus line in pF. 


standard-mode devices © fast-mode devices 
Parameter Symbol hn Unit 
| y Min. Max. Min. Max. - 
TS TTS 
LOW level input voltage: Vie V 
fixed input levels -0.5 1.5 -0.5 1.5 
Vpp-related input levels -0.5 0.3Vpp -0.5 0.3Vpp 
HIGH level input voltage: Vin V 
fixed input levels 7 3.0 el) 3.0 =!) 
Vpp-related input levels. 0.7Vpp ve? 0.7Vpp ay 
Hysteresis of Schmitt trigger inputs: Vier V 
fixed input levels n/a n/a 0.2 - 
Vpp-related input levels n/a n/ .0O5V - 
| Yoo inpu a 0.05Vpp 
Pulse width of spikes which must be top n/a n/a 0 50 ns 
suppressed by the input filter 
LOW level output voltage (open drain or V 
open collector): 
at 3 mA sink current Vout 0 0.4 0 0.4 
at 6 mA sink current Vow n/a n/a 0 0.6 
P | arr aa ee aranaa 
Output fall time from Viinin tO Vitmax With a tor ns 
bus capacitance from 10 pF to 400 pF: 
with up to 3 mA sink current at Vo), - 250°) 20 + 0.1C,”) 250 
with up to 6 mA sink current at Vo)5 n/a n/a 20 + 0.1C,”) 250°) 
Input current each I/O pin with an input I ~10 10 ~10") 10% pA 
voltage between 0.4 V and 0.9Vppmax 
Capacitance for each I/O pin C; - 10 - 10 pF 


The maximum t, for the SDA and SCL bus lines quoted in Table 4 (300 ns) is longer than the specified maximum t,; for 


the output stages (250 ns). This allows series protection resistors (R,)to be connected between the SDA/SCL pins ane 
the SDA/SCL bus lines as shown in Fig.37 without exceeding the maximum specified t. 
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Table 4 Characteristics of the SDA and SCL bus lines for ?C-bus devices 


Standard-mode |  Fast-mode | | 
Parameter Symbol 1?C-bus I?C-bus Unit 
Min. Max. Min. Max. 
SCL clock frequency fsoi 0 400 kHz 
Bus free time between a STOP and START condition taur 4.7 - 1.3 - us 
: i ; ae a a 
Hold time (repeated) START condition. After this period, | tup.sta 4.0 - 0.6 - Us 
the first clock pulse is generated 
" ~~ 7 1 
LOW period of the SCL clock ie 4.7 - 1.3 - us | 
HIGH period of the SCL clock ee | 4.0 ; 0.6 - us | 
Set-up time for a repeated START condition | tsu:sta 4.7 - 0.6 = us 
Data hold time: tup:paT 
for CBUS compatible masters (see NOTE, Section 5.0 - : us 
9.1.3) 0” . 0” 0.97 us 
for ?C-bus devices 
Data set-up time | tinpar 250 - 100°) - ns 
= + 
Rise time of both SDA and SCL signals it - 1000 20 + 300 ns 
0.10,” 
Fall time of both SDA and SCL signals t - 300 20 + 300 ns 
0.10,” 
— ees 
Set-up time for STOP condition | tsu-sto 4.0 - 0.6 - us 
Capacitive load for each bus line C, | - 400 - 400 pF 


All values referred to Vitimin 2d Vitmax levels (see Table 3). 


") A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the Viumin of the SCL 
signal) in order to bridge the undefined region of the falling edge of SCL. 


2) The maximum tup.pat has only to be met if the device does not stretch the LOW period (t_ow) of the SCL signal. 


3) A fast-mode I?C-bus device can be used in a standard-mode I?C-bus system, but the requirement tsu-pat 2250 ns must 
then be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such 
a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line t, »3. + tsu.pat = 
1000 + 250 = 1250 ns (according to the standard-mode !*C-bus specification) before the SCL line is released. 


C,, = total capacitance of one bus line in pF. 


SDA 


SCL 


| 
| 
| 


| ne ~~ ~< 
'HD;DAT THIGH tsu;pat 'SU:STA! gy | | 
4 bios MBC611 = 


Fig.34 Definition of timing on the 17C-bus 
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16.0 APPLICATION 
INFORMATION Vpp 
16.1 Slope-controlled output 

2 P1 to input 
stages of fast-mode I°C-bus circuit 
cevices . ee SDA or SCL 
The electrical specifications for the bus line 
/Os of 1?C-bus devices and the 
characteristics of the bus lines Veg 
connected to them are given in Moce18 : 
Tables 3 and 4 in Section 15. Fig.35 Slope-controlled output stage in CMOS technology 


Figures 35 and 36 show 
examples of output stages with 
slope control in CMOS and bipolar 
technology. The slope of the 
falling edge is defined by a Miller oe 
capacitor (C1) and a resistor (R1). 

The typical values for C1 and R1 
are indicated on the diagrams. 
The wide tolerance for output fall 
time t,, given in Table 3 means 
that the design is not critical. The 
fall time is only slightly influenced Meee? 

by the external bus load (C,) and Fig.36 Slope-controlled output stage in bipolar technology 
external pull-up resistor (R,). 
However, the rise time (t,) 
specified in Table 4 is mainly 
determined by the bus load 
capacitance and the value of the 
pull-up resistor. 


VppD 


SDA or SCL 
bus line 


Vss 


Vop 


1/4 HCT4066 5V +10 % 


16.2 Switched pull-up circuit 
for fast-mode I?C-bus devices 
The supply voltage (Vpp) and the 
maximum output LOW level 
determine the minimum value of 
pull-up resistor R, (see Section 
10.1). For example, with a supply 
voltage of Vpp = 5 V + 10% and 
Votmax = 0:4 V at 3 MA, Ry min = FAST - MODE IC BUS DEVICES 
(5.5 — 0.4)/0.003 = 1.7 kQ. As Fig.37 Switched pull-up circuit 
shown in Fig.38, this value of R, 
limits the maximum bus 
capacitance to about 200 pF to 
meet the maximum t, requirement 
of 300 ns. If the bus has a higher 
capacitance than this, a switched 
pull-up circuit as shown in Fig.37 
can be used. 

The switched pull-up circuit in 
Fig.37 is for a supply voltage of 
Vpp = 5V+410% anda 


1.7kQ i Rpt 
SDA or SCL 
bus line 


MBC620 > Vss 


maximum capacitive load of bus capacitance (pF) 
400 pF. Since it is controlled by Fig.38 Maximum value of R,, as a function of bus capacitance for meeting 
the bus levels, it needs no the t. max requirement for a fast-mode 1?C-bus 
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—additional switching control 
signals. During the rising/falling 
edges, the bilateral switch in the 
HCT4066 switches pull-up resistor 
Roe on/off at bus levels between 
0.8 V and 2.0 V. Combined 
resistors R,, and R,, can pull-up 
the bus line within the maximum 
specified rise time (t,) of 300 ns. 
The maximum sink current for the 
driving I?C-bus device will not 
exceed 6 mA at Vo, = 0.6 V, or 
3 mA at Vo, = 0.4 V. 

Series resistors R, are optional. 
They protect the I/O stages of the 
\?C-bus devices from high-voltage 
spikes on the bus lines, and 
minimize crosstalk and undershoot 
of the bus line signals. The 
maximum value of R, is 
determined by the maximum 
permitted voltage drop across this 
resistor when the bus line is 
switched to the LOW level in order 
to switch off Rp». 


16.3 Wiring pattern of the bus 
lines 

In general, the wiring must be so 
chosen that crosstalk and 
interference to/from the bus lines 
is minimized. The bus lines are 
most susceptible to crosstalk and 


interference at the HIGH level 
because of the relatively high 
impedance of the pull-up devices. 

If the length of the bus lines on 
a PCB or ribbon cable exceeds 
10 cm and includes the Vpp and 
Veg lines, the wiring pattern must 
be: 


SDA 


Vpp 


Vs 
SCL 


If only the Vg line is included, 
the wiring pattern must be: 


SDA 
Vss 
SCL 


These wiring patterns also 
result in identical capacitive loads 
for the SDA and SCL lines. The 
Vgg and Vpp lines can be omitted 
if a PCB with a Veg and/or Vpp 
layer is used. 

If the bus lines are twisted- 
pairs, each bus line must be 
twisted with a Vg return. 
Alternatively, the SCL line can be 
twisted with a Vgg return, and the 
SDA line twisted with a Vpp 
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return. In the latter case, 
capacitors must be used to 
decouple the Vpp line to the Vg. 
line at both ends of the twisted 
pairs. 

If the bus lines are shielded 
(shield connected to Vgc), 
interference will be minimized. 
However, the shielded cable must 
have low capacitive coupling 
between the SDA and SCL lines 
to minimize crosstalk. 


16.4 Maximum and minimum 
values of resistors R, and R, 
for fast-mode I?C-bus devices 
The maximum and minimum 
values for resistors R, and R, 
connected to a fast-mode I?C-bus 
can be determined from Fig.25, 26 
and 28 in Section 10.1. Because a 
fast-mode I?C-bus has faster rise 
times (t,) the maximum value of 
R, as a function of bus 
Capacitance is less than that 
shown in Fig.27 The replacement 
graph for Fig.27 showing the 
maximum value of R, as a 
function of bus capacitance (C,) 
for a fast mode |?C-bus is given in 
Fig.38. 


Product 
OM4151/ 


Description 


|?C-bus evaluation board with microcontroller, LCD, LED, Par. I/O, SRAM, EEPROM, Clock, DTMF 
S87COOKSD) generator, AD/DA conversion. 


OM5027 


I?C-bus evaluation board for low-voltage, low-power ICs & software 


17.2 Development tools for 80C51-based systems 


Product 


Description 


A board-level, full featured, in-circuit emulator: 
RS232 interface to PC, universal motherboard, controlled via terminal emulation 


17.3 Development tools for 68000-based systems 


Product Description 
OM4160 Microcore-1 demonstration/evaluation board: 
SCC68070, 128K EPROM, 512K DRAM, I?C, RS-232C, VSC SCC66470, resident monitor 
OM4160/3 ‘| Microcore-3 demonstration/evaluation board: 


128K EPROM, 64K SRAM, I?C, RS-232C, 40 1/O (inc. 8051-compatible bus), resident monitor 


OM4160/3QFP | Microcore-3 demonstration/evaluation board for 9XC101 (QFP80 package) 
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17.4 PC controlled I?C analyzers 
Product Description 


OM1022 PC I?C-bus analyzer with multi-master capability. Hardware and software (runs on IBM or compatible PC) 
to experiment with and analyze the behaviour of the !?C-bus (includes documentation) | 


OM4777 Similar to OM1022 but for single-master systems only. 


18.0 SUPPORT LITERATURE 
Data handbooks Ordering code 
——  h—i—i i Orr ee 
Semiconductors for radio and audio systems — 


ICO1 1997 9397 750 01121 
Semiconductors for television and video systems 

ICO02a 1995 9398 652 63011 

ICO2b 1995 9398 652 64011 

ICO02c 1995 9398 652 65011 
Semiconductors for wired telecom systems 

ICO03a 1997 9397 750 00839 

ICO3b 1997 9397 750 00811 
8048-based 8-bit microcontrollers 

IC14 1994 ' 9398 652 40011 
Semiconductors for wireless communications 

IC17 1997 9397 750 01002 
Semiconductors for in-car electronics . . 

IC18 1996 | 9397 750 00418 
ICs for data communications . 

IC19 1995 . 9397 750 00138 
80C51-based 8-bit microcontrollers 

IC20 1997 9397 750 00963 
Multimedia ICs | | 

IC22 1997 9397 750 01061 


Brochures/leaflets/lab. reports/books etc. 


1?C-bus: can you make the distance 9397 750 0008 

\?C-bus multi-master & single-master controller kits 9397 750 00953 

Desktop video (CD-ROM) 9397 750 00644 

80C51 core instructions quick reference 9398 510 76011 

80C51 microcontroller selection guide 9397 750 01587 | 
OM5027 I?C-bus evaluation board for low-voltage, low-power ICs & software 9398 706 98011 | 
P90CL301 °C driver routines AN94078 

User manual of Microsoft Pascal |?C-bus driver (MICDRV4.OBJ) ETV/IR8833 
C routines for the PCF8584 ~ AN95068 

Ising the PCF8584 with non-specified timings and other frequently asked 

questions AN96040 

User’s guide to |2C-bus control programs | ETV8835 

The |?C-bus from theory to practice (book and disk) Author: D. Paret | 

Published by: John Wiley & Son 
ISBN: 0471962686 
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19.0 APPLICATION OF THE 
I?C-BUS IN THE ACCESS.bus 
SYSTEM 

The ACCESS.bus (bus for 
connecting ACCESSory devices to 
a host system) is an |*C-bus 
based open-standard serial 
interconnect system jointly 
developed and defined by Philips 
and Digital Equipment 
Corporation. It is a lower-cost 
alternative to an RS-232C 
interface for connecting up to 14 
inputs/outputs from peripheral 
equipment to a desk-top computer 
or workstation over a distance of 
up to eight metres. The peripheral 
equipment can be relatively low 
speed items such as keyboards, 
hand-held image scanners, cursor 
positioners, bar-code readers, 
digitizing tablets, card readers or 
modems. 

All that’s required to implement 
an ACCESS.bus is an 8051-family 
microcontroller with an I?C-bus 
interface, and a 4-wire cable 


| Software 
protocols 


Hardware 
protocols 


carrying a serial data (SDA) line, a 


serial clock (SCL) line, a ground 
wire and a 12 V supply line 
(500 mA max.) for powering the 
peripherals. 

Important features of the 
ACCESS.bus are that the bit rate 
is only about 20% less than the 
maximum bit rate of the I?C-bus, 
and the peripherals don’t need 
separate device drivers. Also, the 
protocol allows the peripherals to 
be changed by ‘hot-plugging’ 
without re-booting. 

As shown in Fig.39, the 
ACCESS.bus protocol comprises 
three levels: the |?C-bus protocol, 
the base protocol, and the 
application protocol. 

The base protocol is common 
to all ACCESS.bus devices and 
defines the format of the 


ACCESS.bus message. Unlike the 


I?C-bus protocol, it restricts 
masters to sending and slaves to 
receiving data. One item of 
appended information is a 


checksum for reliability control. 
The base protocol also specifies 
seven types of control and status 
messages which are used in the 
system configuration which 
assigns unique addresses to the 
peripherals without the need for 
setting jumpers or switches on the 
devices. 

The application protocol defines 
the message semantics that are 
specific to the three categories of 
peripheral device (keyboards, 
cursor locators, and text devices 
which generate character streams 
e.g. card readers) which are at 
present envisaged. 

Philips offers computer 
peripheral equipment 
manufacturers technical support, a 
wide range of |?C-bus devices and 
development kits for the 
ACCESS.bus. Hardware, software 
and marketing support is also 
offered by DEC. 


KEYBOARD 
PROTOCOL 


LOCATOR 
PROTOCOL 


BASE 
PROTOCOL 


2 
PROTOCOL 


iB 


Fig.39 ACCESS.bus protocol hierarchy 


TEXT 
PROTOCOL 


REAL-TIME 
CONTROL 
PROTOCOL 


MBC647 
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GENERAL PURPOSE ICs 


LCD Drivers 


OM4085 


Universal LCD driver for low multiplex rates 


PCF211XC family LCD drivers 


PCF2113 LCD controller/drivers 
PCF2114X/16X LCD controller/drivers 
PCF2116 LCD controller/driver; 2 line x 24 character, 
4 line x 12 character display 
PCF8558 Universal LCD driver for small graphic panels 
PCF8566 96-segment LCD driver; 1:1 — 1:4 Mux rates 
PCF8568 LCD row driver for dot matrix displays 
PCF8569 LCD Column driver for dot matrix displays 
PCF8576 160-segment LCD driver 1:1 — 1:4 Mux rates 
PCF8577C 64-segment LCD driver; 1:1 — 1:2 Mux Rates 
PCF8578/79 Row/column LCD dot-matrix driver/display 
1:8 — 1:32 Mux rates 
LED Drivers 
SAA1064 4-digit LED driver 
//O Expanders 
P82B715 l2C bus extender 
PCF8574/A 8-bit remote I/O port (I2C-bus to parallel converter) 
PCF8584 8-bit parallel to IC converter 
SAA1064 4-digit LED driver with !2C-bus interface 
SAA1300 5-bit high-current driver 


Data Converters 


PCF8591 4-channel, 8-bit Mux ADC + one DAC 

TDA8442 Quad 6-bit DAC 

TDA8444 Octal 6-bit DAC 

Memory 

PCA8581 128-byte EEPROM 

PCB2421 1K dual mode serial EEPROM 

PCF85116-3 2048 x 8-bit CMOS EEPROMs with |2C-bus 
interface 

PCF8522E 256 x 8-bit CMOS EEPROM with I2C-bus 
interface 

PCF8524 512 x 8-bit CMOS EEPROM with I2C-bus 
interface 

PCF8570C 256-byte static RAM 

PCF8582 256-byte EEPROM 

PCF8583 256-byte RAM/clock/calendar 

PCF8594 512-byte EEPROM 

PCF8598 1K-byte EEPROM 

Clocks/Calendars 

PCF8573 Clock/calendar 

PCF8583 Clock/calendar/256-byte RAM 

PCF8593 Low power clock calendar 


* 
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Also available with extended temperature ranges. 


68000-Based CMOS Microcontrollers 


68070 
93CXXX 


68000 CPU/MMU/UART/DMA/timer 
UST/I2C/34k ROM/512 RAM 


80C51-Based CMOS Microcontrollers* 


83CL267/167 
83CL268/168 
8XCL410 
8XC528 
8XC542 
8XC552 
8XCL580 
8XC652 
8XC654 
8XC751 
8XC752 


12k ROM, 256 RAM OSD 

12k ROM, 256 RAM OSD 

4k ROM/128 RAM, low power 

32k ROM/512 RAM, T2, WD 

4k ROM/128 RAM, ACCESS.bus 
256-byte RAM/8k ROM/ADC/UART/PWM 
6k ROM, 256 RAM, low power 
256-byte RAM/8k ROM, UART 
256-byte RAM/16kKROM, UART 
64-byte RAM/2k ROM 

64-byte RAM/2k ROM, ADC/PWM 


8048 Instruction-Set Based CMOS 
Microcontrollers 


PCD3311C/12C DTMF/modem/musical-tone generators 


PCF84C00 256-byte RAM/bond-out version for prototype 
development 

PCF84C21 64-byte RAM/2k ROM 

PCF84C41 128-byte RAM/2k ROM 

PCF84C81 256-byte RAM/8k ROM 

PCF84C85 256-byte RAM/8k ROM/ Extended I/O 

MULTIMEDIA ICs 

Desktop Videos 

SAA7151B 8-bit digital multistandard TV decoder 

SAA7152 Digital comb filter 

SAA7157 Clock signal generation circuit for digital video 
systems; for use with SAA71xx 

SAA7165 Video enhancement and D/A processor including 
digital CT! 

SAA7186 Digital video scaler 

SAA7191 Digital multistandard TV decoder, square pixel 

SAA7191B SAA7191 variant 

SAA7192A Digital colour space converter with independent 
LHT 

SAA7199B digital multistandard encoder 

SAA9051 Digital multistandard (PAL/NTSC) colour decoder 

SAA9056 Digital SECAM colour decoder 

SAA9057B Clock signal generation circuit for digital video 
systems; for use with SAA90xx 

SAA9065 Video enhancement and D/A processor 

TDA4680 Video processor 

TDA8440 Video/audio switch 
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Video/Radio/Audio 


SAA4700 
$A5751 

SAA5243 
SAA5246 
SAA5248 
SAA5252 
SAA7158 
SAA7194 
SAA9042 


SAB3035/36/37 


TDA1551 


TDA1551Q 


TDA4670 
TDA4671 
TDA4681 


TDA4685 
TDA4686 
TDA4687 
TDA8415 
TDA8416 
TDA8417 
TDA8421 


TDA8425 
TDA8426 
TDA8433 
TDA8540 


VPS dataline processor 

Audio Processor/Filter Controller 

Computer controlled text circuit 

Computer controlled text circuit 

Integrated teletext decoder and VPS slicer 
Closed caption 

Line frequency processor and DAC circuit 
Digital video decoder/scaler 

Digital video teletext (DVTB) processor 

Digital tuning circuits for computer-controlled TV 
2 X 22W BTL audio power amp 

2 X 22W BTL audio power amp with diagnostic 
Picture signal improvement circuit 

Picture signal improvement circuit 


Video processor with automatic cut-off and white 
level control 


Video processor 

Video processor (100 Hz) 

Video processor 

TV/VCR stereo/dual sound processor 
TV/VCR stereo/dual sound processor 
TV/VCR stereo/dual sound processor 


Audio processor with a loudspeaker channel and 
a headphone channel 


Audio processor with a loudspeaker channel only 
Hi-fi stereo audio processor 

TV deflection processor 

4x4 video switch matrix 


TDA9140 
TEA6320 
TEA6330 
TSA6060 
TDA8433 
TDA8442 


TDA8443/A 


TDA8461 
TDA8466 
TDA9150 
TDA9860 
TEA6100 


TEA6300 


TSA5511/12/14 


TSA6057 


Telecom 


NE5750/51 
NE5752 
NE5753 


PCD3311/12 


PCD3341 


PCD4440 


UMA1000T 
UMA1014T 


UMF1009 


Alignment-free multistandard decoder 

4 input Tone/volume controller with fader control 
Tone/volume controller 

A/M Frequency Synthesizer for RDS. 
Deflection processor 

Interface for color decoders 

YUV/RGB matrix switch 

PAL/NTSC color decoder and RGB processor 
PAL/NTSC color decoder and RGB processor 
Deflection processor 

Sound controller w/ 4 inputs 


FMAF and digital tuning IC for computer-controlled 
radio 


Sound fader control and preamplifier/source 
selector for car radio 


PLL frequency synthesizer for TV 
PLL frequency synthesizer for radio 


Audio processor pair 

3 V 5750 variant (samples Q4 92) 

3 V 5751 variant (samples Q4 92) 

Tone generator (DTMF/modem/musical) 


Advanced 10 to 110-number repertory dialer with 
LCD control 


Analog voice scrambler/descrambler 
Data processor for mobile telephones 


1GHz frequency synthesizer for mobile 
telephones 


Frequency synthesizer 


FOR FURTHER INFORMATION ON THESE DEVICES, REFER TO /7C-PERIPHERALS FOR 


MICROCONTROLLERS DATA HANDBOOK, AVAILABLE FROM YOUR LOCAL PHILIPS 
SEMICONDUCTORS SALES OFFICE (SEE INSIDE BACK COVER OF THIS BOOK). 
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Programming the I@C Interface 


Programming the 


-C Interface 


When intelligent devices need to communicate 


he Inter-Integrated Circuit Bus 4 
(“I?C Bus” for short) is a two- § 
wire, synchronous, serial inter- 
face designed primarily for ] 
communication between intel- | 
ligent IC devices. The I*C bus offers sev- § 
eral advantages over “traditional” seri- j 


al interfaces such as Microwire and 


RS-232. Among the advanced features ; 
of IC are multimaster operation, auto- j 


matic baud-rate adjustment, and “plug- 
and-play” network extensions. 
Mention the I?C bus to a group of 


American engineers and you'll likely get 3 

hit with an abundance of blank stares. | 
I say American engineers because un- } 
til recently the IC bus was primarily a | 
European phenomenon. Within the last § 
year, however, interest in IC in the 3 
United States has risen dramatically. % 
Embedded systems designers are real- ; 
izing the cost, space, and power sav- — 


ings afforded by robust serial interchip 
protocols. 

The idea of serial interconnect be- 
tween integrated circuits is not new. 
Many semiconductor vendors offer de- 
vices designed to “talk” via serial links 
with other processors. Current examples 
include Microwire (National Semicon- 
ductor), SPI (Motorola), and most re- 
cently Echelon’s Neuron chips. In all cas- 
es, the goal is the same: to reduce the 
wiring and pincount necessary for a par- 
allel data bus. It simply does not make 


Mitch is a senior strategic development 
engineer for Intel and can be contact- 
ed at 5000 W. Chandler Blud., Chan- 
dler, AZ 85226 or at mkahn@sedona. 
intel.com. 


Mitchell Kahn 


MM croup, I took exception (although not 


m verbally!) to his suggestion. A weekend 
; of intense hacking later, I presented the 
} first prototype of the driver. My reward? 


Meme i got to write a generic version of the 
wanes Ciriver for general distribution. 


ame Design Trade-offs 
| Three distinct tasks are involved in im- 


ime plementing the [2C protocol: watching 
me the bus, waiting for a specific amount 


economic sense to route a full-speed 


parallel bus to a slow peripheral. 

Unfortunately for most serial-bus- 
capable devices, the choice of a bus 
protocol will dictate the CPU architec- 
ture. For example, only two CPU ar- 
chitectures implement an on-chip I?C 
port. If your choice of architecture pre- 
cludes use of these architectures, then 
your only option is to implement the 
protocol in software. 

The software implementation of the 
I7C protocol discussed in this article 
came about as a result of an implicit 
challenge during a staff meeting. One 
of our managers proposed that we hire 
a consultant to write a software [?C driv- 
er for the Intel 80C186EB embedded 
processor. Being somewhat new to the 
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§ of time, and driving the bus. This be- 


came apparent when [| flowcharted 1 


byte of a typical bus transaction: see 
| Figure 1. The time delays associated 
; with creating the bus waveforms would 
} normally have been relegated to the 
| 80C186EB’s on-chip timers. I could not, 
fF however, assume that the end users of 
} my code would be able to spare a timer 
| for the software [°C port. I had to forego 
' the elegance (and to some extent ac- 


curacy) of the on-chip timers for the 
sledgehammer approach of software 
timing loops. Luckily, the I¢C protocol 
is extremely forgiving with regard to 
timing accuracy. The decision to use as- 
sembly instead of a high-level language 
stemmed directly from the need to con- 
trol program-execution time. I had nei- 
ther the time nor the inclination to hand- 
tune high-level code. 

Having made the decision to use as- 
sembly language, I faced my next prob- 
lem: Could I make the code portable? 
{Intel offers a plethora of CPU and em- 
bedded-controller architectures. Would 
it be possible to make the code some- 
what portable between disparate as- 
sembly languages? I found my answer 
in the use of macros. 
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All the basic building blocks of the 
I7C protocol (watching, waiting, and do- 
ing) can be compartmentalized into dis- 
tinct macros. The algorithms that make 
up the I7C driver are written with these 
macros as the framework. You don't 
need to understand the intricacies of the 
I?C protocol to port these routines— 
you just need to know how to make 
your CPU watch, wait, and do. 

For example, a 4.7_uS delay is a com- 
mon event during a transfer. The macro 
%Wait_4_7_uS implements just such a 
delay by using the 8086 LOOP instruc- 
tion with a couple of NOPs for tuning; 
see Example 1(a). Total execution time 
is readily calculated from instruction tim- 
ing tables. The same macro is ported to 
the i960 architecture in Example 1(b). 
Although I am a neophyte when it 


Drive SCL Low 
Wait 2.35 uS 


Assert Nth Data 
Bit on SDA 


Wait 2.35 1S 


Drive SCL High 


No (wait state) , 


comes to i960 programming, [ had no 
problems porting the core macros. 


Hardware Dependencies 

A few words about the target hardware 
are in order before I discuss the code. 
Any implementation of the I7C protocol 
requires two open-drain (or open-col- 
lector), bidirectional port pins for the 
Serial Clock (SCL) and Serial Data (SDA) 
lines. The code in this article was de- 
signed for the 80C186EB embedded pro- 
cessor, which has two open-drain ports 
on-chip. The two pins, P2.6 (SCL) and 


P2.7 (SDA), are part of a larger 8-bit . 


port. Processors without open-drain I/O 
ports can easily implement I7C with the 
addition of an external open-collector 
latch. 

Two special-function registers, P2PIN 
and P2LTCH. are used to read and write 
the state of the port pins. The 80C186EB 
allows the special-function registers to 
be located anywhere in either memo- 
ry or I/O space. For this implementa- 
tion, I chose to leave the registers in 
I/O space, even though this limited my 
choice of instructions. The 80186 ar- 
chitecture does not provide for read- 
modify-write instructions in I/O space 
(an AND to I/O, for example); it can 
only load and store (IN and OUT). So 
why did I limit myself? Again, I had to 
assume the lowest common denomi- 
nator for our customers when design- 
ing my code. 


Building the Framework 


Early on in development. I decided to 
partition my code macros according to 
physical processes involved in the I*C 


(a | 
$*DEFINE (Wait_4_7_uS) ( 


protocol. Code not directly involved in 
mimicking the actions of a hardware I?C 
port was not written as macros. For ex- 
ample, the code necessary to access the 
stack frame is not written as a macro, 
whereas the code needed to toggle the 
clock line is. This was done to isolate 
architecture-dependent code sequences 
from the more generic [?C functions. 
Macros were also not used for “gray ar- 
eas” such as the shifting of serial data, 
which is both architecture dependent 
and physical in nature. The [°C func- 
tions that passed the litmus test fell in- 
to the three aforementioned categories 
of watching, waiting, and doing. 

The “waiting” macros provide a fixed- 
minimum time delay. They are imple- 
mented using a simple LOOP $ delay. 
The LOOP instruction decrements the 
CX register, then branches to the target 
(in this case itself) if the result is non- 
zero. The delay is (n—1)*15+5 clocks, 
where n is the starting value in the CX 
register. All the delays were calculated 
assuming a 16-MHz clock rate (62.5 
nanoseconds per clock). The code still 
works at lower CPU speeds because the 
I2C protocol only specifies minimum 
timings. In fact, the delay macros are 
only “accurate enough.” providing tim- 
ings as close as I could get to the spec- 
ified minimum without undue tuning. 

The “watching” macros are “spin-on- 
bit” polling loops. These pieces of code 
wait for a transition on the appropriate 
I°C line to occur before allowing execu- 
tion to continue. There are two polling 
macros for each of the two I°C signal 
lines; one for high-to-low transitions and 
one for low-to-high transitions. The 


; 4 clocks 

> 4*#154+5 = 65 clocks 

; 3 clocks 

; 3 clocks 

; total = 75 clocks 

; 75 * 62.5ns = 4.69uS (close enough) 


cx, 5 
loop $ 

nop 

nop 


Mov 


Abort 
(arbitration loss) 


(b) 
define (Wait_4_7_uS,' 


ida 0x17, r4 instruction may be issued in parallel 
so assume no Clocks. 

compare and decrement counter in r4 
if !=0 branch back (predict taken 


branch) 


empdeco 0, r4 
bne.t Ob 


Drive SCL low 


The cmpdeco and bne.t together take 3 
clocks in parallel minimum. 


0x17 (25 decimal) * 3 = 75 clocks 
at 16MHz this is 4.69uS 


Wait 2.35 uS 


Figure 1: Flowchart of process for 
transmission of a single bit. 


Example 1: (a) 80C186 implementation of 4.7_uS wait macro; (b) 8O960CA 
implementation of 4.7_uS wait macro. 
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polling of the SCL line that gives rise to 
an important feature of [?C: automatic, 
bit-by-bit baud-rate adjustment. Any de- 
vice on the IC bus may hold the clock 
line low in order to stall the bus for 
more time (a serial wait state). The oth- 
er devices on the bus are then forced 
to poll the SCL line until the slow de- 
vice releases control of the clock. 

The %Get_SDA_Bit macro also falls 
under the category of “watching.” Its 
function is simply to return the state of 
the SDA line without waiting for a tran- 
sition. %Get_SDA_Bit is used primarily 
to pull the serial data off the bus when 
the clock is valid. 

The “doing” macros control the state 
of the clock and data lines. As with the 
polling macros, there are four types— 
one for each transition of the SCL or 
SDA lines. The “doing” macros are 
named to reflect the physical operations 
they perform. For example, %Drive_ 
SCZ_Low always drives the SCL line to 
a low state. %Release_SCL_High, on the 
other hand, relinquishes control of the 
SCL line, which may then be pulled high 
or driven low by another device on the 
bus. A read-modify-write operation is 
used for the bit manipulation so that the 
other 6 bits of Port 2 are not affected 
by the I?C operations. 


Getting on the Bus 

Three procedures were created using 
the macro framework. I'll describe on- 
ly the master transmit (Listing One, page 


Hao le Start 
1 Byte = \7C address 
N=1 


Re : 


y 


ACK 


received? 


y 


Figure 2: Flowchart for I?C transmit 
procedure. 


106) and master receive functions (List- 
ing Two, page 108), as they represent 
the needs of most I*C users. The slave 
procedure is long and intricate and will 
not be described here. 

An I*C master transmission proceeds 
as follows: 


1. The master polls the bus to see if it 
is in use. 

2. The master generates a start condi- 
tion on the bus. 

3. The master broadcasts the slave ad- 
dress and expects an acknowledge 
(ACK) from the addressed slave. 

4, The master transmits 0 or more bytes 
of data, expecting an ACK following 
each byte. 

. The master generates a stop condi- 
tion and releases the bus. 


Wa 


The stack frame for the master trans- 
mit procedure, I2CXA.A86, includes a 
far pointer to the message for transmis- 
sion, the byte count for the message, 
and the slave address. Far pointers and 
far procedure calls are used in all the 
procedures. No attempt was made to 
conform to a specific high-level lan- 
guage calling convention, although such 
a conversion would be trivial. The pro- 
cedures save only the state of the mod- 
ified segment registers. | 

The master transmit procedure per- 
forms error checking on the passed pa- 
rameters before attempting to send the 
message. The maximum message length 
is set at 64 Kbytes by the segmentation 
of the 80186 memory space. This re- 
striction could be removed by includ- 


ing code to handle segment boundaries. 


The transmit procedure also checks the 
direction bit in the slave address to en- 
sure that a reception was not erro- 
neously indicated. Errors are reported 
back to the calling procedure through 
the AX register. (The exact code is in 
Listing One.) 

The first step in sending a message is 
getting on the I?C bus. The macro 
%Check_For_Bus_Free simply polls the 
bus to determine if any transactions are 
in progress. If so, the transmit proce- 
dure aborts with the appropriate error 
code. If the bus is free, a start condition 
is generated. The start condition is de- 
fined as a high-to-low transition of SDA 
with SCL high followed by a 4.7_uS 
pause. These waveforms are easily gen- 
erated with the %Drive_SDA_Low and 
%Wait_4_7_uS macros. 

All communication on the ?C bus be- 
tween the stop and start conditions, in- 
cluding addressing and data, takes place 
as an 8-bit data value followed by an 


- acknowledge bit. This lead to ‘the nat- 


ural nested loop structure for the body 
of the procedure; see Figure 2. 
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The inner loop is responsible for 
transmitting the 8 bits of each data byte. 
Each transmitted bit generates the ap- 
propriate data (SDA) and clock (SCL) 
waveforms while checking for both se- 
rial wait states and potential bus colli- 
sions. A bus collision occurs when two 
masters attempt to gain control of the 


Three distinct tasks 
are involved in 
implementing the 
I°C protocol: 
watching the bus, 
waiting for a specific 
amount of time, and 
driving the bus 


bus simultaneously. The I?C protocol 
handles collisions with the simple rule: 
“He who transmits the first 0 on the SDA 
line wins the bus.” To ensure that we 
(the master transmit procedure) own the 
bus, the SDA line is checked whenev- 
er transmitting a 1. If a 0 is present, then 
a collision has occurred (because an- 
other master is pulling the line low), 
and the transfer must be aborted. 

Control is turned over to the outer 
loop after the 8 bits of data (or address) 
have been transmitted. The outer loop 
immediately checks for an acknowledge 
from the addressed slave. The transfer 
is aborted if an acknowledge is not re- 
ceived. At the end of the ACK bit the 
message length counter is decremented. 
Control is returned to the inner loop if 
more data remains, otherwise a stop con- 
dition is generated and the master trans- 
mit procedure terminates. 

Registers are used for intermediate re- 
sult storage throughout the body of the 
procedure. For example, the AH reg- 
ister is used to hold the current value 
(either address or data) being shifted 
onto the SDA line. This eliminates the 
need for local data storage within the 
procedure. 


On the Receiving End 
The steps involved in an IC master re- 
ceive transaction are almost identical to 
those in transmission: 


1. The master polls the bus to see if it 
is in use. . 
2. The master generates a start condi- 
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tion on the bus. 

3. The master broadcasts the slave ad- 
dress and expects an ACK from the 
addressed slave. 

+. The master receives 0 or more bytes 
of data and sends an ACK to the slave 
after each byte. The master signals 
the last byte bv not sending «an ACK. 

5. The master generates a stop condi- 
tion and releases the bus. 


| 
A far pointer to the receive buffer is | 
passed on the stack to the master re- | 
ceive procedure. The remainder of the | 
parameters——slave address and mes- 
sage count—are identical between the 
two procedures. The received message 
length is fixed at 64 Kbvtes. again be- 
cause of segmentation. The error-check- 
ing, bus-availability sensing, and start- | 
condition generation sections of the 
receive procedure are lifted verbatim 
from the transmit code. 
The structure of the receive proce- 
dure differs slightly once the start con- 


Start 
Byte = \2C address 


” (This block 

Transmit represents 
one pass 

Address byte through the 
N=1 transmit 
flowchart) 


Get SDA bit N 


y 
Store byte in 
buffer 


Figure 3: Flowchart for 12C receive 
procedure. 


dition has been generated; see Figure | 
3. The slave address is transmitted us- | 
ing One iteration of the transmit proce- | 
dure’s outer loop: Control is passed to 
the receive loop once the slave acknow- 
ledges its address. 

The receive loop structure is patterned 
after that of the transmit procedure. The 
inner loop controls the clocking of the 
SCL line and the shifting of the serial da- 
ta off the SDA line into the CPU. Eight 
iterations of the inner loop are performed 
to receive each byte. The outer loop 
stores the received byte in the buffer, 
decrements the byte count. then sends 
an ACK to the slave. The last data bvte 
is signalled by not sending an ACK. 


Using the Procedures 

Listing Three (page 110) shows a short 
program that uses both the master trans- 
mit and master receive procedures. The 
call to procedure [2C_XMIT displays the 
word “bUS-" on a four-character, sev- 
en-segment display controlled by the 
SAA L064 [°C compatible display driver. 
The time of dav is read from the 
PCF8583 real-time clock by the call to 
procedure [2C_RECV. 

Please note that interrupts must be 
disabled during the execution of both 
procedures. An interruption at an in- 
opportune time (when the master is not 
in control of the clock) could cause the 
bus to hang. If you need to service in- 
terrupts periodically, then enable them 
only when the clock is driven low. 

These procedures have been tested 
on a wide array of [?C devices ranging 
trom serial EEPROMs to voice synthe- 
sizers. No compatibility problems have 
been seen to date. 


Enhancing the Code 
I've kicked around many ideas tor en- 
hancing the I°C procedures. You could, 


All the basic 
building blocks of 
the I°C protocol 
(watching, waiting, 
and doing) can be 
compartmentalized 
into distinct macros 
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for example, replace the timing loops 
with timed interrupts. That way, the CPU 
could perform useful work during the 
pauses. Along the same lines, the paus- 
es could be scheduled using a real- 
time kernel, again improving CPU 
throughput. Finally, you could add a 
high-level language calling structure. 
The use of timed interrupts adds an 
order of magnitude to the complexity 
of the code, but would be worth it for 
high-performance, real-time systems. 


Conclusion 

[°C is not the only game in town when 
in comes to serial protocols. Hopefully, 
some of the techniques presented here 
will carry Over into the development of 
other “simulated” serial protocols, such 
as those targeted at the home-automa- 
tion market. Who knows, maybe some- 
day a snippet of my code may find its 
way into a truly intelligent dishwasher. 
[ll be waiting... ; 
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erial data buses are a well- 
proven tool in embedded 
systems. When you are com- 
municating with slow per- 
ipheral devices, serial buses 
are often often more convenient and less 
expensive than parallel buses. Addi- 
tionally, a serial interface featuring a 
UART or similar intermediary chip 
can also serve to isolate the CPU from 
noise and line glitches that might bring 
down the house if they were to occur on 
the processor bus. Peripherals can usu- 
ally be controlled over a much greater 
distance by a serial bus. The serial ap- 
proach offers greater resilience and 
noise immunity. 

The price you pay for the conve- 
nience is a slower transmission rate and, 
possibly, the need for added interface 
circuitry at higher voltages. Many per- 
ipheral devices, however, are not in con- 
stant communication with the CPU and 
are not greatly affected by a slower bus. 
On the hardware side, any added inter- 
face circuitry required for serial-bus 
support is frequently compensated for 
by the resulting simplicity and tighter 
pinout of the serial peripherals. 


CHOOSING THE PROPER ROUTE 
aving decided that a serial bus 
H makes sense for your applica- 
tion, your next task is to select 
the most appropriate bus and protocol. 
Here, as with rapid transit, your choice 
should be determined by your destina- 
tion. Contrary to what some people may 
tell you, the choice of bus and protocol 
depends at least as much on the nature 
of the system’s software as it does on the 
manufacturer’s data sheets. 
Consider, for example, the serial-pe- 
ripheral interface (SPI) and multidrop 
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The choice of bus 
and protocol 
depends atleast as 


~much on the 


system’s software 
as it does on the 
manufacturer’s 
data sheets. 


serial buses. Both buses are popular, but 
each exhibits severly constrained per- 
formance in large networks. SPI, as em- 
bodied in the Motorola 6800 family, 
was designed primarily for one-on-one 
exchanges between two devices. Simi- 
larly, the multidrop approach used in 
various 8051 family members as well as 
in the 68HC11 and various UART 
chips finds its broadest expression in 
RS485 /422 half-duplex transmissions. 
Multidrop has no deterministic arbitra- 
tion scheme between multiple masters, 
leaving it mainly suitable for single- 
master multiple-slave situations. (For 
more on multidrop, see Jack Woehr’s 
article, “Multidrop Processing,” Em- 
bedded Systems Programming, March 
1990, pp 58-67—ed.) A different ap- 
proach is to use a three-wire protocol 
called MicroWire, available from Na- 
tional Semiconductor in Santa Clara, 
Calif., which is fine for use with addres- 
sable peripherals, but requires an indi- 
vidual chip select for each device ad- 
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dressed. The added wiring offers no 
advantage to developers, and the bus of- 
fers nothing towards achieving multi- 
ple-mastering capabilities. 

One of the more versatile options 
available to developers is the ’'C bus 
promulgated by Philips/Signetics in 
Sunnyvale. Calif. FC allows you to set 


Figure | 


Generation of acknowledge. 
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up a multiple-master, multiple-slave 
communications bus with conflict arbi- 
tration. using only twisted-pair wiring 
to connect the processors and peripher- 
als. Philips /Signetics has moved to sup- 
port this protocol (which is quite popu- 
lar in Europe) with a large assortment 
of interesting doodads, and is actively 
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Open-collector 
configuration 
means that the 
output stage can 
only pull the node 
to ground. 


encouraging other manufacturers to 
join in the fun. If your next design fea- 
tures a microprocessor that supports 
I’?C or you are prepared to implement 
[°C in software using a PIA as this arti- 
cle illustrates, your reward could be a 
decreased chip count and lower power 
consumption—along with a comfort- 
able distributed-programming model 
for peripheral devices. 

(?C is more flexible than the proto- 
cols noted above, since only two wires 
are required to service a large network 
of addressable masters and addressable 
slaves. A third wire may be added if in- 
terrupt service is required, though Phi- 
lips/Signetics microprocessors featur- 
ing [?C support feature on-chip cir- 
cuitry and are capable of interrupting 
the processor upon receipt of a valid 
address. 


HOW PG WORKS 

he [°C bus consists of two lines: 

serial clock (SCL) and serial 

data (SDA). The beauty of the 
?’C bus is that each of these lines is bi- 
directional. Bidirectional means that 
everything on the bus is equal, unlike 
most other serial-peripheral busses such 
as SPI or MicroWire, which have dedi- 
cated inputs and outputs. Each PC 
transaction line (SCL and SDA) is an 
open collector of output and input. The 
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-pullup resistor is external. 

Open-collector (actually, they are 
CMOS, so “open drain” is more appro- 
priate) configuration means that the 
output stage can only pull the node to 
ground. A passive resistor pulls the node 
high, which means that any number of 
open collector outputs can be connected 
together with no deliterious results, be- 
cause it is impossible to pull more cur- 
rent through the resistor than any one 
output will produce. Tying outputs to- 
gether will produce disastrous results if 
the same procedure is tried with stan- 
dard TTL outputs. If some of the out- 
puts go high and some are low, the cur- 
rent is unlimited and the logic level of 
the output will be in an indeterminate 
state. Tying open-collector outputs to- 
gether is also known as “wire ORing” be- 
cause if either A or B goes low, so does 
the single-output line. 

The ?’C bus speed is specified at a 
maximum SCL rate of 100kHz SCL, 
which, admittedly, is not blazingly fast. 
The speed limit stems from the meager 
ability of a pullup resistor to source cur- 
rent to a long distributed line of peri- 
pherals. The 10-microsecond period al- 
lows plenty of time to charge the 
parasitic capacitance of the wires. (The 
maximum specified wire capacitance 1s 
400 pF.) 


e 

PUTTING IT TOGETHER 

Ithough [’}C supports multi- 

ple-master operation, here we 

use single-master, single-slave 
transactions to keep the example code 
simple. The master, as you might imag- 
ine, is defined as the unit that initiates 
the data transfer and generates the 
SCL signal. (In a multimaster system, 
each master would be responsible for 
generating its own SCL signal.) In our 
example, based strongly on the design of 
one of our company’s single-board com- 
puters, the processor doesn’t directly 
support [’C. Instead, we’ve implement- 


ed the [?C bus using a couple of the pins 
on an 8255 peripheral [/O chip. Conse- 
quently, the bulk of the example appli- 
cation code is simple setup and house- 
keeping routines. (Steven R. Wheeler's 
example application listing was a bit 
too long to run in this issue. Interested 
readers may download it from the li- 
brary 12 of CLMFORUM on Compu- 
Serve or from the Embedded Systems 


Figure 2 


Start and stop conditions. 
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Programming bulletin board service at 
(415) 905-2689—ed.) 

By definition, a slave can be any pro- 
cessor or peripheral that responds to the 
master. Slaves all have unique, 7-bit ad- 
dresses that are based on the device type 
and the wiring of address pins on the 
chip. All ?’C peripherals have the top 
nibble of an address built in. For the 
PCF8574 I/O-port expanders we’re us- 
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ing as examples, the address is 0100xxx. 
The xxx indicates the address selected 
by the state of the three address pins on 
the peripheral. 

PC serial transactions are always 
eight bits of data from the transmitter 
followed by a ninth ACK bit from the re- 
ceiver. The first step in any [°C data 
transfer is to send the address of the 
slave on the SDA line. This act might 
seem confusing, since we seem to be 
mixing 7-bit addresses with 8-bit data. 
In practice, it’s quite easy to work with: 
addresses are always seven bits long, 
and the eighth bit is used to determine 
whether the operation is a read or a 
write. For example, upon transmitting 
01000001 to the PCF8574, the slave, as- 
suming it exists on the bus and is 
strapped to address 000, will respond 
with a low on the SDA line after the 
master has finished with its last (eighth) 
data bit. The master leaves the line 
high. If it doesn’t find a slave with ad- 
dress 10000, the data line will remain 
high and a failed communication at- 
tempt can be detected. 

If a slave is connected, it begins put- 
ting data on the SDA line as soon as it 
has detected that the eighth bit is set 
(which is a read request). The SDA line 
is driven to the data level when the SCL 
line is low. Data is read when SCL is 
high, so SDA must not change when 
SCL is high. This protocol leads to a 


simple definition of the start of an ?'C 
transaction—SDA goes from high to 
low when the clock is high. 

The end of a transaction is equally 
simple to detect: SDA goes from low to 
high when SCL is high. This cycle 
leaves SDA and SCL in the high state, 
which is necessary if any other open- 
collector [?C peripheral wants access to 
the bus. Figure 2 illustrates the start 


and stop conditions of an [?C bus 
transaction. 


ADDITIONAL DESIGN ROUTES 

s you’ve seen, the ’?C protocol 
A is easy to work with and rela- 

tively simple to implement, 
even if you’re not using a processor that 
directly implements it. If you’re not 
planning to use Philips/Signetics mi- 
croprocessors with onboard [°C support 
(such as the 68070 or various members 
of the 8051 family), you can still use the 
wide variety of available peripheral 
chips. 

The number of integrated circuits 
using the I?C serial bus is increasing all 
the time. Application-oriented inte- 
grated circuits that support I’C include 
a voice sythesizer, a transcoder for IR 
remote control, several digital tuning 
circuits for computer-controlled televi- 
sion, several audio processors, PLL fre- 
quency synthesizers, tone generators, 
and frequency synthesizers. General- 
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purpose integrated circuits using (?’C in- 
clude LCD drivers, digital-to-analog 
converters, SRAMs, EEPROMs, anda 
RAM clock/calender. 

PC is very popular in Europe, where 
Philips has been aggressively marketing 
this flexible method of extending pe- 
ripheral support to control projects, and 
it is currently catching fire on this side 
of the Atlantic. It seems reasonable to 
expect that, given the burden of printed- 
wire requirements for embedded sys- 
tems based on increasingly wider chip 
buses, more and more designers seeking 
economy of means will be attracted to 
the economy of (°C. 
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hey say that necessity is 
the mother of invention, 
and it certainly seems to 
be the case in embedded 
systems work. No sooner 
do you accomplish the impossible in one 
project than your boss or customer asks 
you to do it again, only faster and 
cheaper this time. Even when you're 
working with low-cost microcontrollers, 
there’s still that incentive to make 
things cheaper through magic software. 

Performing miracles through soft- 
ware trickery is a skill that all embed- 
ded developers must cultivate. An op- 
portunity for me to practice such tricks 
came in the form of a project using the 
Signetics 8x751 microcontroller. The 
8x751 is an 8051 derivative that has no 
internal serial port—no attachment of 
SBUF shift registers to RxD and TxD, 
no diversion of timers to baud rate pac- 
ing, no serial interrupts. But the chip is 
low-priced and offers a small-footprint, 
and hence is desirable in many applica- 


tions. Where the price or size outweighs _ 


the need for a simple serial port, one 
must be built out of firmware by appro- 
priately controlling a single bit in a port. 
The practice is affectionately known as 
“bit-banging.” 

The approach I’ll describe here has 
the advantages of being simple and fast. 
There is no transmit state-machine, no 
special provision for start and stop bits, 
and it takes less than two dozen ma- 
chine cycles for each bit. It has a further 
advantage that the data doesn’t need to 
be specially organized for transmitting. 
That is, the bits that are adjacent in the 
transmit data stream don’t need to be 
adjacent when they are stored in mem- 
ory. This solution is for a transmitter 
only, but I have used a similar procedure 
for receiving. 


Bit-Banging 
Serial Ports 


aa 

The shift (or 
rotate) operation 
is the first thing 
that comes to 
mind when you're 
designing code to 
provide a serial 
data output. 


My project was required to operate 
at 9600 baud. This rate gives a per-bit 
time of 104 microseconds, or 104 cycles 
if you’re using a 12-MHz part. The ap- 
plication in question had plenty of other 
activities as well as a serial port (such as 
reading a serial analog-to-digital con- 
verter, performing averages, and soon), 
so it was imperative that the serial port 
handling take an absolute minimum of 
time. Since I chose to execute in a fixed- 
time loop (to avoid interrupt overhead), 
it was also a goal that the code take a 
fixed amount of time regardless of the 
current transmit state. 


THE STRUCTURE POINTER SOLUTION 
enerally, the shift (or rotate) 
(5 operation is the first thing that 
comes to mind when you re de- 
signing code to provide a serial data out- 


put—the format of the data suggests 
such a scheme. With this approach, 


- however, special states and a counter are 


needed to provide the start and stop bits 
and to sequence through the set of bytes 
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to be transmitted. 


The method presented here provides 


an array of structures (in the code or 
PROM space) that defines the transmit 
sequence bit by bit and uses a pointer to 
this array as the only controlling ele- 
ment. This means that only two bytes of 
scarce internal RAM is used. 
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The structures are referenced con- 
secutively. Each gives the source of a bit 
to be transmitted and a flag to indicate 
whether the pointer should be increased 
to point to a new bit. The transmission is 
terminated by having a structure that 
refers to an “idle” bit and does not in- 
crease the pointer. Transmission is initi- 


ated by changing the pointer to point to 
the first structure. Start and stop bits 
are not distinguished from data bits. 
The bit update portion of the code is 
constant-time, and the pointer update 
can be easily padded if necessary to 
achieve this part of the goal. 

Franklin’s C51 compiler was used 
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for the work described here. The 8x751 
does not support external RAM, so the 
small model is used. (If the transmit 
data resided in external RAM, the algo- 
rithm could be applied, but would be 
expected to take a little longer to 
execute.) 


THE DECLARATIONS 


| he structure that provides indi- 
| vidual bit definitions is: 


// transmit bit-reference structure 
struct BR { 
unsigned char index ; 
unsigned char mask ; 
unsigned char bump ; 


pa 


No memory is allocated by this defini- 
tion—it is essentially a typedef. The ac- 
tual allocation and initialization are 
provided by the definition (in a header 
file, send _seq.h, in this case) of the Bit- 
Ref array: 


code struct BR BitRef[41] = { ... } ; 


where the details will be given in a mo- 
ment. The pointer is defined as: 


// pointer to BitRef structure array 
data struct BR code *BR_optr : 


In Franklin’s C51, the declaration 
tokens are interpreted as follows. In the 
struct BR declaration, the token code as- 
signs the BitRef array to program mem- 
ory (which is then accessed with the move 
instruction). In the *8R_ptr declaration, 
the token code implies that BR_ptr is ex- 
clusively a pointer to the program space, 
so it requires only two bytes to be com- 
pletely defined. The token data causes 
the compiler to store the pointer value in 
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internal RAM. (Since I was using the 
small model, this would have been the 
default storage anyway.) 

The index entry in each structure al- 
lows the serial bit to be selected from an 
array of bytes called transmit{4] in my 
case. The transmit array can, if desired, 
be set up to literally overlay all of the 
internal memory, so that the maximum 
“random access” can be achieved. This 
was not necessary in my case. 

The physical port pin to be exercised 
is defined: 


/* transmit is on P3.3 */ 
sit TransBit = OxB3 : 


THE STRUGTURE INITIALIZATION 

ach bit to be transmitted is de- 
H fined by an index and mask. 

These are initialized in the Bit- 
Ref structure so that characters can be 
formed as desired in the output bit 
stream. The index is the offset within 
the transmit array. The initialization in 
my case, for a sequence of 40 bits mak- 
ing up four characters, was: 


code struct BR BitRef[41] = { 


// index mask bump comment 


3 , b01000000 . 1, // O start bit 


4, poq0000e1 , 1, // 06 
4, p00000070 . 1, // 07 

4, pooooo700 . 1, // 08 

4, po00d1000 . 1, // D9 

1, 100010000 . 1, // 010 

4, poo100000 . 1, —// 011 

3. p10000000 . 1, _// 1 fixed 
3. bwo00000 . 1. +// 1 fixed 
3. b10000000 . 1, «// +1 stop bit 


3, pot000000 . 1, // O start bit 


// Q fixed 
// 1 stop bit 
// 1 idle bit 


3 , b01000000 , 1, 

3 , p10000000 , 1, 

3 , 610000000 . 0 
j 


foe 


(The “masks” are given in binary nota-. 
tion. [See “A Binary Upgrade for C,” 
pp. 60-6 2.—Ed.]| Because of my assem- 
bler and hardware background, this no- 


The “bump” is a 
flag that continues 
the transmission. 
When it finally 
reaches 0, the 
serial output 
sequence will 
stop. 


tation is natural for me in bit mask 
references. ) 

The “index” refers, as mentioned, to 
the element of “transmit” in which the 
bit resides. Some initialization code has 
guaranteed that the upper two bits of 
transmit[3] will be 10, so that they can 
be referred to for start and stop bits and 
for any fixed-value bits that. happen to 
be in the data stream (in my case, the 
fixed bits are used to indicate data byte 
order). 


The “bump” is a flag that continues 
the transmission. When it is finally 0, 
the serial output sequence will stop. 


THE CODE 
he code fragment that accom- 
plishes the transmission ts: 
(a) TransBit = 
(bit)( transmit[ BR_ptr-)index ] 
& BR_ptr-)mask ) ; 


(b) if ( BR_ptr-)bump ) 
BR_ptr++ ; 


The program sequence for section (a) 
looks like this: 


BR_ptr-) index 
-- looks up current index. then used in 


transmit[ index ] 


-- to get byte with desired bit, 
then ANDed with mask 

BR__ptr-)mask 

-- to get zero/nonzero value. which 
(bit)(value & value) 

-- is then cast to a bit for output 
TransBit = bit 

-- to port pin, the ultimate goal. 


The pointer is increased in (b), depend- 
ing on the value of BR_ptr->bump. As in- 
dicated earlier, this is a/ways one except 
in the last structure, so the serial trans- 
mission always proceeds to the defined 
end. The statement: 


BR_ptr = &BitRef[40] ; 


in initialization will keep the transmit- 
ter off during startup, and: 


BR_ptr = BitRef : 


is used to initiate a transmission 


sequence. 
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The previous transmitting code com- 
piles, with only a little manual assis- 
tance, to: 


; TransBit = (bit)( transmit[ 
BR_ptr-)index ] & BR_ptr-)mask ) : 
MOV OPL.BR_ptr+01H 
MOV OPH .BR__ptr 
CLR A 
MOVC A.@A+DPTR 
ADD A, #transmit 


MOV RO.A 

MOV A ARO 

MOV R7.A 

INC DPTR 

CLR A 

MOVC A.@A+DPTR 
ANL A.R7 

ADD A. #0FFH 


MOY TransBit .C 
: if ( BR_ptr->bump ) 


INC OPTR 

CLR A 

MOVC A.@A+DPTR 

JZ 20011 
BR_ptr++ ; 

MOV A, #03H 


ADD A.BR__ptr+01H 

MOV BR_ptr+01H A 

CLR A 

ADOC A.BR_ptr 

MOV BR_ptr.A 
?C0011: 


Reprinted with permission from EMBEDDED SYSTEMS PROGRAMMING, September 1993 


The assembly language code reveals 
that the mechanism is pretty efficient. 
This method is in use in one of my cli- 
ents’ products and has proved effective. 


BIT-BANGING WORKS 

his bit-banging solution serves 
TS to provide serial transmission in 

an embedded system that has 
no hardware specifically dedicated to 
the function. Although alternate and 
more traditional solutions would have 
worked, the need for speed encouraged 
development of a code-pointer-based 
solution that works fast enough in this 
case and takes up only two internal 
RAM bytes for operation. I hope that 
this presentation will prove to be useful 
for you. 


Mark Gardner is a consultant based in 
Acton. CA. He has been designing 
hardware and writing firmware for em- 
bedded systems for over 15 years. He 
has an MS in electronic engineering 
from the University of Illinois. 


For more information, contact: 


Philips Semiconductors 

811 E. Arques Avenue 

P.O. Box 3409 

Sunnyvale, CA 94088-3409 
(408) 991-3552 
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I2C-BUS DEVELOPMENT TOOLS FOR ALL SYSTEMS 
OM1022 


This Philips Semiconductors support tool, called the 
l2C-analyzer (or in the US, Port MSC) is a PC board that 
can be connected with a cable to the Centronics printer 
port via a 25-pin sub-D connector. The I2C has a 4-stake 
connector for convenient use in the laboratory. There are 
several flavours to this board, with the latest version 
supporting multimaster operation. A Philips 8400-series 
microcontroller executes the low-level I2C tasks on this 
board, and the Centronics port is used for two-way 
communications between the PC software and the 
microcontroller. Control programs for the Philips interface 
will run on any IBM-compatible PC. The software is mainly 
intended for interactive control of devices on the |?C-bus. 
The user can interactively construct, send and receive |2C 
messages. A database, which comes with the software, 
contains information about many specific devices, thus 
making operation is even easier for many Philips devices. 
The user is prompted to enter control data for the specific 
registers that are relevant to the device, and the software 
takes care of the routines by checking the validity of the 
input data and constructing the correct I@C message. An 
illustrated description of the internals of the controlled 
device and its status is available for some devices. 


Currently, four programs are supplied with the OM1022 
that provide various control options for specific and 
general purpose |@C devices. 


I2C TV version 3.5 
I2C radio version 2.6 
lI2@C PLL version 2.3 
I7C CELL version 1.5 


The Users Guide to PC-bus Control Programs and The 
?C-bus and how to use it brochures are also included with 
each OM1022. The ordering code for the OM1022 is 9339 
931 10112. 
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I2C/ACCESS.bus Monitor MIIC-101. 


The MIIC-101 is a stand-alone trouble shooting tool for the 
l2C and ACCESS.bus. When connected to an I2C-bus or 
ACCESS.bus network, the 101 bus monitor can collect, 
display or upload information on all bus activity. Its key 
features are: 


l2C and ACCESS.bus compatible 


operating modes: line status, forward/backward trace, 
view and remote 


monitoring of all or selected bus addresses 
trace buffer stores up to 2700 messages 


easy to read alphanumeric display (byte, message and 
buffer scrolling) 


hand-held portable unit (battery, external supply or 
bus-powered) 


RS-232 port supports remote data capture and 
uploading. 


The MIIC-101 is manufactured by: 


Micro Computer Control Corporation 
PO Box 275 

17 Model Avenue, Hopewell 

New Jersey 08525 

USA 


Tel.+1 609 466 1751 
Fax+1 609 466 4116 


PF8681 I2C-bus and ACCESS.bus Analysis Support 
Package 


The PF8681 has been designed for use with the PM3580 
family of logic analyzers. It provides facilities for analyzing 
and troubleshooting data streams on the I?C-bus and 
ACCESS.bus. 


Captured data from either bus can be displayed on a 
logical analyzer screen in various number systems. The 
PF8681 includes a disassembler for both the I2@C-bus and 
ACCESS.bus. The adapter allows simultaneous 
measurements in the timing and state domain without any 
reconnection or multiple probing of the IC signal lines. 
This single probing approach avoids additional DC and AC 
loading of the 1@C and ACCESS.bus signal lines. 
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The I?C-bus disassembler supports all present day 
features of the I@C-bus system including 10-bit and 
fast-mode. The ACCESS.bus disassembler supports the 
BASE-protocol specifications as mentioned in the 
ACCESS.bus specifications version 2.0. 


The PF8681 I2?C/ACCESS.bus package includes an 
adaptor, disassembler and special ACCESS.bus interface 
cable. Pricing and delivery is available from Fluke. 


Calibre ICA-90 plug-in, half length IBM-PC compatible 
I2C adapter card 


This PC card interfaces to the I?C-bus via a 9-pin 
D-connector. It is based on Philip's PCF8584 !*C-bus 
controller IC, which can interface the bus at high speeds. 
Calibre supplies the board with a library of I2C-control 
routines in both C and Turbo BASIC, which can be 
retrieved by the user's application software. These 
routines support both master and slave operation. The 
software is not interactive (i.e. users must write and 
compile their own programs) but the interface to the library 
routines is straightforward, and examples are supplied. 
They also supply a stand-alone monitor program with the 
ICA-90. This allows non-intrusive, real-time tracing of 
l2C-bus activity. Captured data is stored in PC memory 
and until the buffer is full, wnen the trace stops and the 
data is formatted and moved onto a disk file. Data 
presentation includes occurrences of Start, Stop and 
Acknowledge conditions. Users can display and analyze 
the data with any word processor or browsing program. 
The monitor program requires at least a 6 MHz 286-based 
PC or faster. This board is recommended for speed-critical 
or complex |2C-systems (i.e. Multimaster) due to its 
real-time monitor capability. 


You can purchase the ICA-90 from: 


Calibre Electronics Ltd. 
Cornwall House 
Cornwall Terrace 
Bradford West Yorkshire 
England BD8 7JS 


Tel. +44 1274 394125 
Fax +44 1274 730960 


or 
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Saelig Co. 

1193 Moseley Rd. 
Victor 

New York 14564 
USA 


Tel. +1 716 425 3753 
Fax +1 716 425 3835 


I2C control and analysis tools 

AET in Germany supply a variety of I2@C-bus and analysis 
tools, such as: 

e PC-RIC RS232 to I?C-bus convertor 


IDB I2C demonstration board for the PC (eight I2C 
peripherals plus software driver source-code in Pascal, 
Borland C++ and Microsoft-C) 


MAB I?C 100: an I2C magnetic card reader 
ITM l2C PC monitor and |?C controller (PC plug-in card) 


SIMON I2C PC monitor software for the ITM |2C 
controller card. 


For more information on these products, contact: 


ART Automatisierung & Rechnertechnik GmbH 
Johann-Kraus Strasse 8a 

88662 Uberlingen 

Germany 


Tel. +49 7551 4056 
Fax +449 7551 4058 


I2C-BUS EVALUATION BOARDS 
OM4151/S87COOKSD 


lI2C-bus evaluation board with microcontroller, LCD, LED, 
Par. I/O, SRAM, EEPROM, clock, DTMF generator, 
AD/DA conversion. This board is available from Philips 
Semiconductors. 


OM5027 


l2?C-bus evaluation board for low-voltage, low-power ICs & 
software. (A fuller description of the OM527 evaluation 
board is included in this Data Handbook. See relevant 
section for details). This board is available from Philips 
Semiconductors. 
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I2C-BUS DEVELOPMENT TOOLS FOR 80C51-BASED 
SYSTEMS . 


PDS51 


A board-level, full featured, 12 MHz in-circuit emulator, 
providing complete access to the internal registers and full 
execution control without consuming chip resources. This 
means that the microcontroller in the target system can be 
replaced with the PDS51, enabling the target system to be 
easily run, monitored and debugged without any changes to 
code or hardware. 


I2?C-BUS DEVELOPMENT TOOLS FOR 68000-BASED 
SYSTEMS 


OM4160 


Microcore-1 demonstration/evaluation board: SCC68070, 
128K EPROM, 512K DRAM, I2C, RS-232C, VSC 
SCC66470, resident monitor. 

OM4160/3 


Microcore-3 demonstration/evaluation board: 128K 
EPROM, 64K SRAM, I@C, RS-232C, 40 I/O (inc. 
8051-compatible bus), resident monitor. 


OM4160/3QFP 


Microcore-3 demonstration/evaluation board for 9XC101 
(QFP80 package). 
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OM1022 and OM4777 


The OM1022 multi-master and the OM4777 single-master 
I’C-bus controller kits offer an easy-to-use and inexpensive 
interface from a PC to the I’C-bus via a Centronics printer port 
adaptor. The only hardware required to use the kits is a PC with 
1.5 MB of free hard-disk space and a free parallel port. 


Key Foatures 
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OM1022 and OM4777 


Multi-master and single-master ’C- 
bus controller kits 


Description 

The ’C-bus controller kits are very simple to use in conjunction with a 
PC and the control programs provided. The kits are ideal for: 

¢ learning and evaluating I’C-bus systems 

* getting familiar with the I’°C-bus and new I’C-bus ICs 

¢ hardware debugging 

* software development 


* interfacing between demoboards and PC with demo software. 


Using the universal receiver/transmitter, it is possible to test software con- 
cepts and monitor ongoing I°C traffic, either for all addresses or on a 
selected address. The kits comprise: 
¢ the OM1022 multi-master kit; Philips ordering code: 9339 931 00112 
* the OM4777 single-master kit; Philips ordering code: 9352 021 60112 
¢ hardware, software and documentation for both kits: 

- a fully tested printer port adapter and an I’C-bus cable 

- a floppy disk with control programs including documentation 


- auser manual. 


Related Materials 

¢ Data Handbook IC12, 1996 — “IC Peripherals”; ordering code: 
9397 750 00306 

* Technical publication — “The I’C-bus and how to use it (including 
specifications)”; ordering code: 9398 393 40011 

* OMS5027 I’C demonstration board; ordering code: 9351 522 90112. 
This demoboard is based on the P83CL580 microcontroller and 
includes eleven I’C peripherals 

¢ S87COOKSD I’C demonstration board; ordering code: 
9350 107 50112. This demoboard is based on an 87C751 and includes 
eight [°C peripherals. 
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Introduction to the I*C-bus 


Most of today's electronic products contain 
at least one microcontroller plus a number 
of standard and dedicated circuits for 
storing and displaying data, or for 
performing digital and analog control 


functions. This is particularly true of . 


products providing human-interfacing 
(push-button / keypad input, LCD and LCD 
display, tone generation, channel selection, 
user data storage, etc.). 

There are, of course, many ways of 
interfacing peripheral ICs with the micro- 
controller(s), but it is of great benefit to 
system designers and manufacturers if the 
control interface is simple, standardized, 
and facilitates product upgrading, conver- 
sion, manufacturability, as well as produc- 
tion line testing and field servicing. This is 
why Philips Semiconductors developed the 
Inter IC (°C) bus, and has developed a 
wide range of microcontrollers and periph- 
eral ICs with an I?C hardware interface 
built-in. 


What is the I’C-bus? 

The I?C-bus is a worldwide electronics 
standard for chip-to-chip and board-to- 
board communication. It is a bidirectional, 
two-wire, serial control bus incorporating a 
data (SDA) and clock (SCL) line, support- 
ing speeds up to 100 kbits per second 


NOTE 


Purchase of Philips I°C OS 
components conveys a 
license under the 7 

Philips I°C patent to use 

the components in the 

°C system, provided 

the system conforms to 

the I°C specifications 

defined by Philips. 


(400 kbits/s in ‘fast mode’). All control, 
address and data information is transmitted 
serially over the two-wire bus; the I?C-bus 
allows for bidirectional data transfer 
without extra lines. It can be a multi-master 
system with automatic arbitration. Each IC 
has a unique 7-bit or 10-bit address 
eliminating the need for separate address 
or selection lines. 

Only the IC addressed generates an 
acknowledge signal, allowing for software 
detection of hardware configuration, and 
extension of the bus at any time without 
software modification. Every byte trans- 
ferred is acknowledged by the receiver. 
The protocol is standard for a wide range 
of speeds, functions and applications. 


Advantages of the ’C-bus 
@ simplifies system architecture: 
— requires only two wires, for all data 
and addressing 
- reduces pin-count, allowing smaller 
ICs and smaller PCB area 
— reduces the number of digital signal 
traces required on the PCB, resulting 
in less, digital noise 
@ eliminates glue logic for 
decode, chip-select, etc. — 
® transmits bidirectional data with built-in 
protocol . 


address 


penne ear ize 


OM5027 


@ offers simple and cheaper single-plane 
PCB wiring | | 

® allows easy upgrade for additional 
functions 

@ has multi-master capability supporting 
multi-controller applications — simplifies 
testing and circuit alignment 

® supports modular hardware and _ soft- 
ware concept. 


I’C-bus based systems let you innovate 
The [?C concept enables the system 
designer to enter the field of micro- 
processor control with all the fundamental 
hardware (including PCB layout) pre- 
defined. With the OM5027 evaluation 
board as a prototyping aid, designers can 
concentrate on the software to satisfy their 
requirements. If a project should need be 
changed, stock no longer becomes 
obsolete, and circuits and PCBs do not 
have to be redesigned — simply change the 
software, add or subtract standard modules, 
and the system will be automatically © 
adjusted for new features such as expanded 
memory or I/O, enhanced display, 
multi-board communication, interface to. 
parallel bus, etc. With the ’C-bus, your 
design horizons are unlimited! 


; ARR 


86 


oe 


Philips Semiconductors 


l2C Peripherals 


The OM5027 I?C-bus evaluation board 


The OM5027 evaluation board provides a 
working I’C-bus system which may be used 
for familiarization with and design of [?C- 
bus hardware and software. The board 
includes the 8-bit 80CL580 (a low-voltage 
(1.8 V) 80C51 derivative microcontroller) 
and allows connection of a 40 pin 80C51 
derivative or external emulator. In addition 
to the central J?C-bus, there is provision to 
control the OM5027 via the built-in RS232 
interface circuit. The OM5027 also features 
eleven °C peripheral circuits which may be 
switched onto a central bus as required, via 
DIP switches. The modular construction 
and central bus allow the board to be used 
as a quick prototyping aid, and provide for 
extension to other circuits as required. 
The board requires a 7 to 12 V DC 
power supply (50 mA max) and comes with 
demonstration software programmed into 
the EPROM. The board consists of the fol- 
lowing modules: 
@ Microcontroller 
80CL580 (or 83CL580) with demo 
software in 27C256 EPROM 
®@ Socket for emulator control 
Compatible with 80C51 derivative or 
external development system 
© [CD (segment display) 
Philips LPH3802-1 (7 segment, starburst, 
etc.) with PCF8578 LCD driver IC moun- 
ted on the glass (chip-on-glass module) 
® ICD (dot-matrix display) 
Philips LPH3827-1 © line x 10 charac- 
ters, 5 < 7 dot matrix) with LCD driver 
IC PCF2116A mounted on the glass 
(chip-on-glass module) 
@ 1°C to parallel 1/O 
PCF8574P, 8-bit remote I/O port with 
edge connector 
@ 1°C to parallel YO 
PCF8574AP, 8-bit remote I/O port with 
alternate I?C slave address used in an 
8-multiplexed push-button/2 LED drive 
application example 
@ RAM 
PCF8570P, low-voltage 256 byte static 
RAM 
@ EEPROM 
PCA8581CP low-voltage EEPROM, 128 
byte 
®@ Clock/Calendar 
PCF8593 low-power clock/calendar with 
crystal and battery backup 
@ DITMF/Tone generator 
PCD3312P with TDA1070 audio amp, 
and piezo sounder 
@ A/D, D/A 
PCF8591 8-bit, 4 channel multiplexed 
A/D, plus 1 channel D/A 


® Parallel bus to I*C interface 
2CF8&584P Motorola/Intel parallel bus to 
1’C bus interface IC 
© 1°C extender/booster 
82B715 I?C extender/booster allowing 
10x bus capacity 
Power supply board 
Plug pack socket, variable 2.5 to 5.0 V 
voltage regulator, LED indicator 
RS232 interface 
MAX232 and 9 Pin RS232 D connector 
and cable 
complete documentation and commen- 
ted source code on floppy disk. 


OM5027 


Ordering information 

The OM5027 can be ordered via your local 
Philips Semiconductors’ sales representative 
(see back cover), ordering code: 9351 522 
90112. 

For more information on the I?C-bus, 
ask for Philips Semiconductors’ publication 
“The I?C-bus and how to use it”, ordering 
code: 9398 393 40011. 
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The OM5500 kit demonstrates the features of the PCF2!16 LCD 
driver when used with one of our low-voltage, low-power PCD33xx 
family of telecom microcontrollers. The kit includes a battery- 
operated demoboard, two |.5-V batteries, a user manual and a 


floppy disk containing demo software. 
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Demo kit for the PCF2116 LCD driver 
rate od O DEW Aly Wn-) (lee aamaalioaeraelaleaeli(= 


Includes 2-line, 24 character, 5 x 8 dot matrix, super twisted nematic 


LCD with 7.5 to 8.5 V operating voltage 
* Includes PCD3756A microcontroller with: 

- 8-bit CPU, 8 K OTP ROM, 128 byte RAM, 128 byte EEPROM 
and 20 quasi-bidirectional I/O port lines; in a 28 lead package 

- over 100 instructions based on 8048; all of 1 or 2 cycles 

- 8 bit programmable timer/event counter, 8-bit reloadable timer, 
3 single-level vectored interrupts 

- wakeup via external or Port 0 interrupt, on-chip power-on reset, and 
stop and idle modes 


- DTMF tone generator & melody output for ringer application 
- 1.8 to 6 V supply (DTMF tone output and EEPROM erase/write 
from 2.5 - 6 V) and 1 to 16 MHz clock. 


Description 

The OM5500 provides an easy way to familiarize with the PCF2116, the 
I°C-bus and the PCD33xx family of microcontrollers. The demoboard’s 
battery-operated PCD3756A controls the PCF2116 LCD driver via the 
8-bit parallel bus or via the ’C-bus. The demo software makes extensive 
use of the PCF2116’s character-generator RAM to show various effects on 
the display, and shows how to control the PCF2116 using software and 
the I?C-bus. Philips ordering code: 9352 124 70112. 


Added Value 

The demoboard uses the on-board PCD3756A (an OTP version of the 

PCD33xx family of microcontrollers) or any external I’C-bus controller. 
The floppy disk contains the demo program's source code which can be 


used as an example for writing PCD33xx software. 


Reference Publications 

¢ Data Handbook IC12 — “?’C Peripherals”; Philips ordering code: 
9397 750 00306. 

¢ Technical publication — “The PC bus and how to use it (including 
specifications)”; Philips ordering code: 9398 393 40011. 
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hardware manufacturers 


ADDRESSES OF I?C-BUS HARDWARE 
MANUFACTURES 


In Germany: 


ART Automatisierung & Rechnertechnik GmbH 
Johann-Kraus Strasse 8a 

88662 Ueberlingen 

Germany 


Tel. +49 75514056 
Fax +49 75514058 


In United Kingdom: 


Calibre Electronics Ltd. 
Cornwall House 
Cornwall Terrace 
Bradford West Yorksnire 
England BD8 7JS 


Tel. +44 1274 394125 . 
Fax +44 1274 730960 


In France: 


COGEMA 
B.P. 1515 - 87020 Limoges CEDEX 
France 


Tel. +83 55 383184 
Fax +33 55 371639 
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In USA: 


Saelig Co. 

1193 Moseley Rd. 
Victor 

New York 14564 
USA 


Tel. +1 716 425 3753 
Fax +1 716 425 3835 


Micro Computer Control Corporation 
PO Box 275 

17 Model Avenue, Hopewell 

New Jersey 08525 

USA 


Tel.+1 609 466 1751 
Fax+1 609 466 4116 


DEVICE DATA 
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DESCRIPTION 
The 82B715 is a bipolar integrated circuit intended for application in 
l2C bus systems. 


While retaining all the operating modes and features of the I2C 
system it permits extension of the practical separation distance 
between components on the IC bus by buffering both the data 
(SDA) and the clock (SCL) lines. 


The I2C bus capacitance limit of 400pF restricts practical 
communication distances to a few meters. Using one 82B715 at 
each end of longer cables reduces the cable loading capacitance on 
the I?C bus by a factor of 10 times and may allow the use of low 
cost general purpose wiring to extend bus lengths. 


FEATURES 


® Dual, bi-directional, unity voltage gain buffer 

® |2C bus compatible 

® Logic signal levels may include both supply and ground 
® X10 impedance transformation 


® Wide supply voltage range 


QUICK REFERENCE DATA 


ORDERING INFORMATION 
DESCRIPTION 


SYMBOL PARAMETER 
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PIN CONFIGURATIONS 


8-Pin Dual In-Line or SO 
82B715 


SU00290 


Buffered Bus, LDA or LCL 
I2C Bus, SDA or SCL 
Negative Supply 


lI2C Bus, SCL or SDA 
Buffered Bus, LCL or LDA 
Positive Supply 


1 
2 
3 
4 
5 
6 
7 
8 


LIMITS 


ORDER CODE DRAWING NUMBER 


8-pin plastic dual In-line package P82B715P N SOT97-1 


8-pin plastic small outline package P82B715T D SOT96-1 
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I2C bus extender 82B715 


FUNCTIONAL DESCRIPTION APPLICATION NOTES | 
The 82B715 bipolar integrated circuit contains two identical buffer By using two (or more) 82B715 ICs, a sub-system can be built which 

circuits which enable |2C and similar bus systems to be extended retains the interface characteristics of an |2C device so that it may 

over long distances without degradation of system performance or be included in, or optionally added to, any I2C or related system. 


Eequining mie Us eof special canes: The sub-system features a low impedance or “Buffered” bus, 


The buffer has an effective current gain of ten from I2C bus to capable of driving large wiring capacities (see Figure 3). 

Buffered bus. Whatever current is flowing out of the I2C bus side, 

ten times that current will be flowing into the Buffered bus side (see I2C Systems 

Figure 2). As with the standard I2C system, pull-up resistors are required to 


aprovide the logic HIGH levels on the Buffered bus. (Standard 
open-collector configuration of the [@C bus). The size and number of 
these pull-up resistors depends on the system. 


As a consequence of this amplification the system is able to drive 
capacitive loads up to ten times the standard limit on the Buffered 
bus side. This current based buffering approach preserves the 

bi-directional, open-collector/open-drain characteristic of the |2C lf the buffer is to be permanently connected into the system, the 
SDA/SCL lines. circuit should be configured with only one pull-up resistor on the 


sco Narn a Buffered bus and none on the I2C bus. 
To minimize interference and ensure stability, current rise and fall 


rates are internally controlled. Alternatively a buffer may be connected to an existing I2C system. In 
this case the Buffered bus pull-up will act in parallel with the I2C bus 
pull-up. 


Vcc 


82B715 
Le 


GND 


SDA LDA 


SCL LCL 


Su00291 
Figure 1. Block Diagram: 82B715 
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Figure 2. Equivalent Circuit: One Half 82B715 
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82B715 


STANDARD BUFFERED BUFFERED STANDARD 
120 INTERFACE INTERFACE 2c 


INTERFACE INTERFACE 
Figure 3. Minimum Sub-System with 82B715 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 
Voltages with respect to pin GND (DIL-8 pin 4). 


SYMBOL PARAMETER 


Supply voltage range Voc 
re *d De eurent(aryein) OSC 
Pict a | 


Power dissipation 


Storage temperature range 
Operating ambient temperature range 


CHARACTERISTICS 
At Tamb = +25°C and Vcc = 5 Volts, unless otherwise specified. 


SYMBOL PARAMETER 


Power Supply | 


CC Supply voltage (operating) 45 


li 


cc Supply current 
loc Supply current at Vcc = 12V 


loc Supply current, both I2C inputs LOW, 
both buffered outputs sinking 30mA. 


Drive Currents 


Isx. Igy Output sink on 12C bus 
Vsx, Vsy LOW = 0.4V 
Vix Vy LOW on Buffered bus = 0.3V 


ILx ILy Output sink on Buffered bus 
Vix» VLy LOW = 0.4V 
Vsx, Vgy LOW on |@C bus = 0.3V 


Ww 
EE 


Input Currents 


Isx, Igy Input current from |2C bus when 
ILx, ILy sink on Buffered bus = 30mA 
ILx» ILy Input current from Buffered bus when 


| Isx, Igy sink on I2C bus = 83mA 


ILx» ILy Leakage current on Buffered bus 
Vix Viy = Voc, and Vsx, Vsy = Voc 


Impedance Transformation 


Input/Output impedance | 
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Pull-Up Resistance Calculation 

In calculating the pull-up resistance values, the gain of the buffer 
introduces scaling factors which must be applied to the system 
components. Viewing the system from the Buffered bus, all 12C bus 
capacitances have effectively 10 times their I2C bus value. 


In practical systems the pull-up resistance is determined by the rise 
time limit for I2C systems. As an approximation this limit will be 
satisfied if the time constant (product of the net resistance and net 
capacitance) of the total system is set to 1 microsecond. 


The total time consiant may either be set by considering each bus 
node individually (i.e., the IC nodes, and the Buffered bus node) 
and choosing pull-up resistors to give time constants of 1 
microsecond for each node; or by combining the capacitances into 
an equivalent capacitive loading on the Buffered bus, and 
calculating the Buffered bus pull-up resistor required by this 
equivalent capacitance. 


For each separate bus the pull-up resistor may be calculated as 
follows: 

1 Cc 

ees use 

C device + Cwiring 

Where: Cyevice = Sum of device capacitances connected to each 
bus, 


and Cwiring = total wiring and stray capacitance on each bus. 


If these capacitances are not known then a good approximation is to 
assume that each device presents 10pF of load capacitance and 
10pF of wiring capacitance. 


The capacitance figures for one or more individual I2C bus nodes 
should be multiplied by a factor of 10 times, and then added to the 
Buffered bus capacitance. Calculation of a new Buffered bus pull-up 
resistor will alllow this single pull-up resistor to act for both the 
included I2C bus nodes and the Buffered bus. Thus it is possible to 
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combine some or all of these separate pull-up resistors into a single 
resistor on the Buffered bus (the value of which is calculated from 
the sum of the scaled capacitances on the Buffered bus). If the 
buffer is to be permanently connected into the system then all the 
separate pull-up resistors should be combined. But if it is to be 
connected by adding it onto an existing system, then only those on 
the additional I2C bus system can be combined onto the Buffered 
bus if the original system is required to be able to still operate on a 
stand-alone basis. 


A further restriction is that the maximum pull-up current, with the bus 
LOW, should not exceed the I2C bus specification maximum of 3mA, 
or 30mA on the Buffered bus. The following formula applies: 

V C = 0.4 


2s 
30mA > Ro 


Where: Rp = scaled parallel combination of all pull-up resistors. 
If this condition is met, the fall time specifications will also be met. 


Figure 4 shows typical loading calculations for the expanded I2C 
bus. 


Sx, Sy, 2C Bus, SDA or SCL 

Because the two buffer circuits in the 82B715 are identical either 
input pin can be used as the I2C Bus SDA data line, or the SCL 
clock line. 


Lx, Ly, Buffered Bus, LDA or LCL 
On the buffered low impedance line side, the corresponding output 
becomes LDA and LCL. 


Vcc; GND — Positive and Negative Supply Pins 

In normal use the power supply voltages at each end of the low 
impedance line should be comparable. If these differ by a significant 
amount, noise margin is sacrificed. 
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EXISTING PROPOSED BUS EXPANSION 


EFFECTIVE CAPACITANCE EFFECTIVE CAPACITANCE EFFECTIVE CAPACITANCE 
NEAR I2C DEVICES BUFFERED LINE REMOTE I2C DEVICES 


2 x |2C Devices 1 x l2C Devices 

Strays Wiring Cap. 3000pF Strays 

82B715 Buffer —_—— 82B715 Buffer 
TOTAL CAP. 3000pF 

TOTAL CAP. TOTAL CAP. 


12C pull-up Buffered Bus pull-up I2C pull-up 


Ri = #88 — aoKo po ee 


50pF = 3000pe ~ 23% 


AS AN ADDITION TO AN EXISTING SYSTEM *: 
= » _ R2x0.1R3 _ R3 not required since 
BPS eOke Re Ro ORS buffer always connected 


FOR A PERMANENT SYSTEM*: 


R1 not required since R2’ = ht = 262Q R3 not required since 
buffer always connected OiRI + D1iR2 + D1RS buffer always connected 


* NOTE: 
R1, R2 and R3 are calculated from the capacitive loading and a 1,:sec time constant on each bus node. For an addition to an existing 
system, R2’ (the new value for R2) is shown as being calculated from the parallel combination of R2 and the scaled value of R3; 


while for a permanent system R2, and scaled values of R1 and R3 have been used. Note that this example has used scaled resistor 
values and combined the node and cable capacitances. 


CHECK FOR MAXIMUM PULL-UP CURRENT: (5 — 0.4)V 


5600 > 17.6mA < 30mA 


su00294 
Figure 4. Typical Loading Calculation: IC Bus with 82B715 
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FEATURES 


Single-chip LCD controller/driver 


Selectable backplane drive configuration: static 
or 2, 3 or 4 backplane multiplexing 


Selectable display bias configuration: static, %> or 1% 


Internal LCD bias generation with voltage-follower 
buffers 


24 segment drives: up to twelve 8-segment numeric 
characters; up to six 15-segment alphanumeric 
characters; or any graphics of up to 96 elements 


24 x 4-bit RAM for display data storage 


Auto-incremented display data loading across device 
subaddress boundaries 


Display memory bank switching in static and duplex 
drive modes 


Versatile blinking modes 

LCD and logic supplies may be separated 
2.0 to 6 V power supply range 

Low power consumption 


Power saving mode for extremely low power 
consumption in battery-operated and telephone 
applications 


l?C-bus interface 

TTL/CMOS compatible 

Compatible with any 4-bit, 8-bit or 16-bit 
microprocessors/microcontrollers 


May be cascaded for large LCD applications 
(up to 1536 segments possible) 


GENERAL DESCRIPTION 


The OM4085 is a peripheral device which interfaces to 
almost any Liquid Crystal Display (LCD) having low 
multiplex rates. It generates the drive signals for any static 
or multiplexed LCD containing up to four backplanes and 
up to 24 segments and can easily be cascaded for larger 
LCD applications. The OM4085 is compatible with most 
microprocessors/microcontrollers and communicates via a 
two-line bidirectional I@C-bus. Communication overheads 
are minimized by a display RAM with auto-incremented 
addressing, by hardware subaddressing and by display 
memory switching (static and duplex drive modes). 


e Cascadable with the 40 segment LCD driver PCF8576C 


e Optimized pinning for single plane wiring in both single 
and multiple OM4085 applications 


e Space-saving 40 lead plastic very small outline package 
(VSO40; SOT158-1) 


e No external components required (even in multiple 
device applications) 


e Manufactured in silicon gate CMOS process. 


ORDERING INFORMATION 
PACKAGE 


VERSION 
SOT 158-1 
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Ge 9°3 L661 


86 


SCL 
SDA 


BPO BP2 BP1 BP3 


VOLTAGE 
SELECTOR 


LCD BIAS 
GENERATOR 


OM4085 


DISPLAY 


CONTROLLER 


COMMAND 
DECODER 


INPUT 
FILTERS 


SO to $23 


17 to 40 


DISPLAY SEGMENT OUTPUTS 


DISPLAY LATCH 


SHIFT REGISTER : 


INPUT DISPLAY OUTPUT 
BANK RAM BANK 
SELECTOR 24x 4 BITS SELECTOR 


DATA 
POINTER 


SUB- 
ADDRESS 
COUNTER 


AO Ai A2 


WVYSVId 4907148 


sejel 


x9dijnw Mo] JO] JOAUP GOD] jeSI@AIU) 


siojonpuodiWes sditud | 


MGD866 


S807NO 


Fig.1 Block diagram. 
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PINNING 


l2@C-bus data input/output 
input/output 


oscillator input 


l@C-bus subaddress inputs 


l2?C-bus slave address bit 0 input 
logic ground 


SDA 
wal 
CLK 
Noo 
Osc 
AO 
OT 
Ae 
SAO 
ia 


SDA 
SCL 
SYNC 
CLK 
Vpp 
OSC 
AO 
Al 
A2 
SAO 
Vss 
BPO 
BP2 
BP1 
BP3 
S 


OM4085 


LCD backplane outputs 


| PIN 
a 
i 
ca 


BPO 
BP2 
Bri 
BPS 
LCD segment outputs 


MGD865 


Fig.2 Pin configuration. 
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FUNCTIONAL DESCRIPTION 


The OM4085 is a versatile peripheral device designed to 
interface any microprocessor to a wide variety of LCDs. 
It can directly drive any static or multiplexed LCD 
containing up to 4 backplanes and up to 24 segments. 
The display configurations possible with the OM4085 
depend on the number of active backplane outputs 
required; a selection of display configurations is given in. 
Table 1. 


Table 1 


ACTIVE 
BACKPLANE 
OUTPUTS 


Selection of display configurations 


NUMBER OF 
SEGMENTS 


symbols 


MICRO- 
PROCESSOR/ 
MICRO- 
CONTROLLER 


7 8 9 1 


7-SEGMENT NUMERIC 


12 digits + 12 indicator |6 characters + 12 indicator 96 dots (4 x 24) 
symbols symbols | 
9 digits + 9 indicator 4 characters + 16 indicator 72 dots (3 x 24) 
symbols symbols 
3 characters + 6 indicator 48 dots (2 x 24) 
_ | symbols | 


Da ae 

6 digits + 6 indicator 

1 character + 10 indicator 
| symbols symbols 


All of the display configurations given in Table 1 can be 
implemented in the typical system shown in Fig.3. 

The host microprocessor/microcontroller maintains the 
two-line I2C-bus communication channel with the 


~OM4085. The internal oscillator is selected by tying OSC 


(pin 6) to Vgg. The appropriate biasing voltages for the 
multiplexed LCD waveforms are generated internally. 


The only other connections required to complete the 


system are to the power supplies (Vpp, Vss and Vicp) and 
to the LCD panel chosen for the application. 


14-SEGMENT 


ALPHANUMERIC DOT MATRIX 


24 segment drives 


13 to 16 _4backplanes > 


QO 11 


LCD PANEL 


(up to 96 
elements) 


MBH951 


Fig.3 Typical system configuration. 
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Power-on reset LCD voltage selector 
At power-on the OM4085 resets to a defined starting The LCD voltage selector coordinates the multiplexing of 
condition as follows: the LCD according to the selected LCD drive 
1. All backplane outputs are set to Vpp configuration. The operation of the voltage selector is 
> A y controlled by MODE SET commands from the command 
Segment Oulputs ale'set:lo'Vipp decoder. The biasing configurations that apply to the 
3. The drive mode ‘1 : 4 multiplex with Yabias’ is selected —_ preferred modes of operation, together with the biasing 
4. Blinking is switched off characteristics as functions of Vop = Vpp — Vicp and the 
5. Input and output bank selectors are reset (as defined resulting discrimination ratios (D), are given in Table 2. 
in Table 5) A practical value of Vop is determined by equating Vottims) 
6. The I2C-bus interface is initialized with a defined LCD threshold voltage (V4), typically when 
7. The data pointer and the subaddress counter are the LCD exhibits approximately 10% contrast. In the static 


drive mode a suitable choice is Vop = 3 Vin. Multiplex drive 
ratios of 1: 3 and 1: 4 with % bias are possible but the 
discrimination and hence the contrast ratios are smaller 
(/3 = 1.732 for 1:3 multiplex or /21/3 = 1.528 for 


LCD bias generator 1: 4 multiplex). The advantage of these modes is a 
reduction of the LCD full scale voltage Vo, as follows: 


cleared. 


Data transfers on the I?C-bus should be avoided for 1 ms 
following power-on to allow completion of the reset action. 


The full-scale LCD voltage (Vop) is obtained from 
Vpp — Vicp- The LCD voltage may be temperature 1:3 multiplex (Yobias): 
compensated externally through the V; cp supply to pin 12. 

Fractional LCD biasing voltages are obtained from an Vop = 16 V op(mrs) = 2.449V 
internal voltage divider of three series resistors connected 
between Vpp and Vicp. The centre resistor can be 
switched out of circuit to provide a bias voltage level for Vop = 4/3/3V 
the 1 : 2 multiplex configuration. 


off (rms) 
1: 4 multiplex (Yobias): 
= 2.309V 


off (rms) off (rms) 


These compare with Vop = 3 Vottims) when Vabias is used. 


Table 2. Preferred LCD drive modes: summary of characteristics 


LCD BIAS V off (rms) Von (rms) Von (rms) 
CONFIGURATION Veg Vop V off (rms) 


Static (1 BP) static (2 levels) 0 1 oo 
1 : 2 MUX (2 BP) V% (3 levels) [2/4 = 0.354 /10/4 = 0.791 _ 2936 


LCD DRIVE MODE 


1 : 2 MUX (2 BP) Va (4 levels) Vz = 0.333 5/3 = 0.745 JB = 2.236 


1:3 MUX (3 BP) V3 (4 levels) Va = 0.333 ,/33/9 = 0.638 /33/3 = 1.915 
1: 4 MUX (4 BP) % (4 levels) % = 0.333 13/3 = 0.577 V3 = 1.732 
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LCD drive mode waveforms 


The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and segment drive 
waveforms for this mode are shown in Fig.4. : 


When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The OM4085 allows use of 
Y or V3 bias in this mode as shown in Figs 5 and 6. 


The backplane and segment drive waveforms for the 1 : 3 multiplex drive mode (three LCD backplanes) and for the 1 : 4 
multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 


=: Tframe Z 


LCD segments 


VLCD 
VLCD 
(a) waveforms at driver 


state 1 At any instant (t): 


Vetate 1(t) = Vgq(t) - Vepott) 
Von(rms) a Vop 


Vstate 2(t) =Vsp , 40 - Vepolt) 
state 2 cece imme Voff(rms) =0V 


(b) resultant waveforms 
at LCD segment MGG392 


Fig.4 Static drive mode waveforms: Vop = Vpp — Vico. 
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Tframe ———> 
So. LCD segments 
BPO (Vpp + Vicp)/2 — == | _—. 
Vicp = f 


state 1 
VDD state 2 
BP1 (Vpp + Vicp)/2 — \ 
YC = 
VbD 
VLCD 
Yop 
Sn+1 
ViCcp 
(a) waveforms at driver 
V 
e At any instant (t): 
Von/2 
=P Vstate 1(t) = VsA(t) - Vepolt) 
state 1 Ss Wontne\= Vopy10 = 0.791 Vop 
-V,,/2 : 
op 
—Vop ———-— Vstate 2(t) = Vs,() - Vapi (0 
V 
— “OP,o — 
ie Voff(rms) = Ne = 0.354Vo, 
Vop/2 ———— 
MVop/2 ———— 
Vop (b) resultant waveforms MGG394 


at LCD segment 


Fig.5 Waveforms for 1 : 2 multiplex drive mode with /% bias: Vop = Vpp — Vicp- 
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as Tframe Sa 
Vpp ————— LCD segments 
BPO 


state 1 


Vy V./3 state 2 
BPI BD, OP ‘ 


Sn +1 


(a) waveforms at driver 


state 1 0 At any instant (t): 


Vstate 1(t) = Vs, (t) -— Vepolt) 
V 
Ne eS 4 Von(rms) = —2PV5 = 0.745Vop 
3 


2Vop/3-————— Vstate 2(t) = Vsp(t) — Vapi(t) 


V,,/3 ——_———_ Vo 
op l | a l | V = OP =0.333V 
state 2 0 ors 3 oP 
-Vop/3 Seuss. atts 


(b) resultant waveforms MGG393 
at LCD segment 


Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = Vop — Vicp- 
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—_—_—_—— Ttrame > 
MODS LCD segments 
Vpp - Vop/3 soem 
Vpp - 2Vop/3 — 
VLCD 


BPO 


state 1 


VDD state 2 
Vp ~ Vop/3— 


VLCD 


BP1 


NOD 
Vpp - Vop/3 “= 
Vop - 2Vop/3 —_ 
VLCD 


BP2 


VDD 

Vpp - Vop/3 — 
Vpp - 2Vop/3 _ 
VLCD 

Vpp —__— 
Vop - Vop/3 — 
Vop - 2Vop/3— 
VLCD 


Sn+1 


Vpop ——-—— 
Vpp - Vop/3 < 
Vpp - 2V op/3 ae 
VLCD 


Sn +2 


(a) waveforms at driver 


Vop 
2Vop/3 
0 
p 
2 op/3 ———- Vstate 1(t) = Vs, (t) — Vepolt) 


V 
-Vop -_ Von(rms) - — 88 = 0.638V, 


state 1 At any instant (t): 


op 
Vena 

v 
2V op/3 ———— Vstate 2(t) = Vs, (t) - Vap1(t) 


V /3 fy 2. Vo y 
state 2 op : eee oo a ee ee Voff(rms) = a = 0.333Vop 


-V 
op (b) resultant waveforms 


at LCD segment MGG395 


Fig.7 Waveforms for 1 : 3 multiplex drive mode: Vop = Vpp — Vicp. 
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BPO 


BP2 


Sn +1 


Sn+2 


Sn +3 


state 1 


state 2 


Ttrame ————--_—> 
Vpp ————_ LCD segments 


Vpp = 2Vop/3 — | 

VCD rer. 4 
state 1 

Vpp ——--— state 2 

Vpp - Vop/3 oe 


Vpp - 2V op/3 =. 


VEC = > 

Vpp = 

Vpp - Vop/3 — 

Vpp - 2Vop/3 — oS 
VCD = 

113 | 8 eee 

Vpp - Vop/3 a 

Vpp ~ 2Vop/3 — @-é 


op 

VLCD 

VOD Ss s= = 
Vpp ~ Yop/3 — 
Vpp - 2Vop/3 — 
VLCD 

‘a 
Vpp _ Vop/3— 
Vpp ~ 2Vop/3 — 
eo => = 
Vpp ~ Vop/3 — 
Vpp - 2Vop/3 — 
VLCD 

Vp 
Vpop = Vop/3 ee 
Vpp ~ 2V op/3 — 
VLCD 

(a) waveforms at driver 


Vop 
2Vop/3 


Vop/3 
Q——-_—_-—— 
—Vop/3-—__—— At any instant (t): 
—2V op/ Sea Vstate 1(t) = Vgpit) - Vepott) 
—V _(__7 V 


2Vop/3 Se Vetate 2(t) = Vsp(t) — Vepi(t) 


p 
o—-—— | | | | | | | Voff(rms) = = = 0.333Vop 
i sc one 


op 


Noy SS 
(b) resultant waveforms MGG396 
at LCD segment 


Fig.8 Waveforms for 1 : 4 multiplex drive mode: Vop = Vpp — Vico. 
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Oscillator 


The internal logic and the LCD drive signals of the 
OM4085 or PCF8576 are timed either by the built-in 
oscillator or from an external clock. 


The clock frequency (fc_«) determines the LCD frame 
frequency and the maximum rate for data reception from 
the I2C-bus. To allow I2C-bus transmissions at their 
maximum data rate of 100 kHz, fe_x should be chosen to 
be above 125 kHz. 


A clock signal must always be supplied to the device; 
removing the clock may freeze the LCD in a DC state. 


Internal clock 


When the internal oscillator is used, OSC (pin 6) should be 
tied to Vss. In this case, the output from CLK (pin 4) 
provides the clock signal for cascaded OM4085s and 
PCF8576s in the system. 


External clock 


The condition for external clock is made by tying OSC 
(pin 6) to Vpp; CLK (pin 4) then becomes the external 
clock input. 


Timing 

The timing of the OM4085 organizes the internal data flow 
of the device. This includes the transfer of display data 
from the display RAM to the display segment outputs. 

In cascaded applications, the synchronization signal 
SYNC maintains the correct timing relationship between 
the OM4085s in the system. The timing also generates the 
LCD frame frequency which it derives as an integer 
multiple of the clock frequency (Table 3). The frame 


frequency is set by MODE SET commands when internal 
clock is used, or by the frequency applied to pin 4 when 


external clock is used. 
NOMINAL 
ftrame (HZ) 


Table 3. LCD frame frequencies 


OMA085 MODE | frame 


Normal mode fo.K/2880 


The ratio between the clock frequency and the LCD frame 
frequency depends on the mode in which the device is 
operating. In the power saving mode the reduction ratio is 
six times smaller; this allows the clock frequency to be 
reduced by a factor of six. The reduced clock frequency 
results in a significant reduction in power dissipation. 


1997 Feb 25 


The lower clock frequency has the disadvantage of 
increasing the response time when large amounts of 
display data are transmitted on the |?C-bus. When a 
device is unable to ‘digest’ a display data byte before the 
next one arrives, it holds the SCL line LOW until the first 
display data byte is stored. This slows down the 
transmission rate of the I2@C-bus but no data loss occurs. 


Display latch 


The display latch hoids the display data while the 
corresponding multiplex signals are generated. There is a 
one-to-one relationship between the data in the display 
latch, the LCD segment outputs and one column of the 
display RAM. 


Shift register 


The shift register serves to transfer display information 
from the display RAM to the display latch while previous 
data are displayed. 


Segment outputs 


The LCD drive section includes 24 segment outputs 

SO to S23 (pins 17 to 40) which should be connected 
directly to the LCD. The segment output signals are 
generated in accordance with the multiplexed backplane 
signals and with the data resident in the display latch. 
When less than 24 segment outputs are required the 
unused segment outputs should be left open-circuit. 


Backplane outputs 


The LCD drive section includes four backplane outputs 
BPO to BP3 which should be connected directly to the 
LCD. The backplane output signals are generated in 
accordance with the selected LCD drive mode. If less than 
four backplane outputs are required the unused outputs 
can be left open. In the 1 : 3 multiplex drive mode BP3 
carries the same signal as BP1, therefore these two 
adjacent outputs can be tied together to give enhanced 
drive capabilities. In the 1 : 2 multiplex drive mode 

BPO and BP2, BP1 and BP3 respectively carry the same 
signals and may also be paired to increase the drive 
capabilities. In the static drive mode the same signal is 
carried by all four backplane outputs and they can be 
connected in parallel for very high drive requirements. 


Display RAM 


The display RAM is a static 24 x 4-bit RAM which stores 
LCD data. A logic 1 in the RAM bit-map indicates the ‘on’ 
state of the corresponding LCD segment; similarly, a 
logic 0 indicates the ‘off state. 
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There is a one-to-one correspondence between the RAM 
addresses and the segment outputs, and between the 
individual bits of a RAM word and the backplane outputs. 
The first RAM column corresponds to the 24 segments 
operated with respect to backplane BPO (see Fig.9). 

In multiplexed LCD applications the segment data of the 
second, third and fourth column of the display RAM are 
time-multiplexed with BP1, BP2 and BPS respectively. 


When display data are transmitted to the OM4085 the 
display bytes received are stored in the display RAM 
according to the selected LCD drive mode. To illustrate the 
filling order, an example of a 7-segment numeric display 
showing all drive modes is given in Fig.10; the RAM filling 
organization depicted applies equally to other LCD types. 


With reference to Fig.10, in the static drive mode the eight 
transmitted data bits are placed in bit O of eight successive 
display RAM addresses. In the 1 : 2 multiplex drive mode 
the eight transmitted data bits are placed in bits 0 and 1 of 
four successive display RAM addresses. In the 1:3 
multiplex drive mode these bits are placed in 

bits 0, 1 and 2 of three successive addresses, with bit 2 of 
the third address left unchanged. This last bit may, if 
necessary, be controlled by an additional transfer to this 
address but care should be taken to avoid overriding 
adjacent data because full bytes are always transmitted. 
In the 7 : 4 multiplex drive mode the eight transmitted data 
bits are placed in bits 0, 1, 2 and 3 of two successive 
display RAM addresses. 


Data pointer 


The addressing mechanism for the display RAM is 
realized using the data pointer. This allows the loading of 
an individual display data byte, or a series of display data 
bytes, into any location of the display RAM. 


The sequence commences with the initialization of the 
data pointer by the LOAD DATA POINTER command. 
Following this, an arriving data byte is stored starting at the 
display RAM address indicated by the data pointer thereby 
observing the filling order shown in Fig.10. The data 
pointer is automatically incremented according to the LCD 
configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight 
(static drive mode), by four (1 : 2 multiplex drive mode), by 
three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex 
drive mode). 


Subaddress counter 


The storage of display data is conditioned by the contents 
of the subaddress counter. Storage is allowed to take 
place only when the contents of the subaddress counter 
agree with the hardware subaddress applied to 

AO, Ai and A2 (pins 7, 8, and 9). AO, Ai and A2 should 
be tied to Vsg or Vpp. The subaddress counter value is 
defined by the DEVICE SELECT command. If the contents 
of the subaddress counter and the hardware subaddress 
do not agree then data storage is inhibited but the data 
pointer is incremented as if data storage had taken place. 
The subaddress counter is also incremented when the 
data pointer overflows. 


The storage arrangements described lead to extremely 
efficient data loading in cascaded applications. When a 
series of display bytes are being sent to the display RAM, 
automatic wrap-over to the next OM4085 occurs when the 
last RAM address is exceeded. Subaddressing across 
device boundaries is successful even if the change to the 
next device in the cascade occurs within a transmitted 
character. 


display RAM addresses (rows)/segment outputs (S) 


19 20 21 22 23 


display RAM bits 
(columns) / 


‘backplane outputs 
(BP) 


MGG389 


Fig.9 Display RAM bit-map showing direct relationship between display RAM addresses and sognert outputs, 
and between bits in a RAM word and backplane outputs. 
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LCD segments LCD backplanes display RAM filling order transmitted display byte 


static 

n 
La2 
multiplex 

n 


1:3 
multiplex 
1:4 
multiplex 


Fig.10 Relationships between LCD layout, drive mode, display RAM filling order and display data transmitted over the |@C-bus (X = data bit 
unchanged). 
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Output bank selector 


This selects one of the four bits per display RAM address 
for transfer to the display latch. The actual bit chosen 
depends on the particular LCD drive mode in operation 
and on the instant in the multiplex sequence. In 1 : 4 
multiplex, all RAM addresses of bit 0 are the first to be 
selected, these are followed by the contents of bit 1, bit 2 
and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 
are selected sequentially. In 1 : 2 multiplex, bits 0 then 1 
are selected and, in the static mode, bit 0 is selected. 


The OM4085 includes a RAM bank switching feature in the 
static and 1 : 2 multiplex drive modes. In the static drive 
mode, the BANK SELECT command may request the 
contents of bit 2 to be selected for display instead of bit 0 
contents. In the 1 : 2 drive mode, the contents of 
bits 2 and 3 may be selected instead of bits O and 1. 

This gives the provision for preparing display information 
in an alternative bank and to be able to switch to it once it 
is assembled. 


Input bank selector 


The input bank selector loads display data into the display 
RAM according to the selected LCD drive configuration. 


Display data can be loaded in bit 2 in static drive mode or — 


in bits 2 and 3 in 1 : 2 drive mode by using the BANK 
SELECT command. The input bank selector functions 
independently of the output bank selector. 


Table 4 Blinking frequencies 


foik/184320 


. fc_x/368640 
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-| NORMAL OPERATING POWER-SAVING NOMINAL BLINKING FREQUENCY 
inking off 
Ptewt04920 | fewia0720. «| SSCS 


Blinker 


The display blinking capabilities of the OM4085 are very 
versatile. The whole display can be blinked at frequencies 
selected by the BLINK command. The blinking frequencies 
are integer multiples of the clock frequency; the ratios 
between the clock and blinking frequencies depend on the 
mode in which the device is operating, as shown in 

Table 4. 


An additional feature is for an arbitrary selection of LCD 
segments to be blinked. This applies to the static and 1 : 2 
LCD drive modes and can be implemented without any 
communication overheads. By means of the output bank 
selector, the displayed RAM banks are exchanged with 
alternate RAM banks at the blinking frequency. This mode 
can also be specified by the BLINK command. 


In the 1:3 and 1: 4 multiplex modes, where no alternate 
RAM bank is available, groups of LCD segments can be 
blinked by selectively changing the display RAM data at 
fixed time intervals. 


If the entire display is to be blinked at a frequency other 
than the nominal blinking frequency, this can be effectively 
performed by resetting and setting the display enable bit E 
at the required rate using the MODE SET command. 
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I2?C-BUS DESCRIPTION 


The |?C-bus is for 2-way, 2-line communication between 
different ICs or modules. The two lines are a serial data 
line (SDA) and a serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up resistor when 
connected to the output stages of a device. Data transfer 
may be initiated only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. 

The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
at this time will be interpreted as control signals. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not 
busy. A HIGH-to-LOW transition of the data line while the 
clock is HIGH is defined as the START condition (S). 

A LOW-to-HIGH transition of the data line while the clock 
is HIGH is defined as the STOP condition (P). 


System configuration 


A device generating a message is a ‘transmitter’, a device 
receiving a message is a ‘receiver’. The device that 
controls the message is the ‘master’ and the devices which 
are controlled by the master are the ‘slaves’. 


data line 
stable; 
data valid 
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| | 
| change | 
| of data | 
| allowed | 


Fig.11 Bit transfer. 


Acknowledge 


The number of data bytes transferred between the START 
and STOP conditions from transmitter to receiver is not 
limited. Each byte is followed by one acknowledge bit. 
The acknowledge bit is a HIGH level put on the bus by the 
transmitter whereas the master generates an extra 
acknowledge related clock pulse. A slave receiver which is 
addressed must generate an acknowledge after the 
reception of each byte. Also a master must generate an 
acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that 
acknowledges has to pull down the SDA line during the 
acknowledge clock pulse, so that the SDA line is stable 
LOW during the HIGH period of the acknowledge related 
clock pulse, set up and hold times must be taken into 
account. A master receiver must signal an end of data to 
the transmitter by not generating an acknowledge on the 
last byte that has been clocked out of the slave. In this 
event the transmitter must leave the data line HIGH to 
enable the master to generate a STOP condition. 
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START condition ; STOP condition 


MBA608 


Fig.12 Definition of START and STOP conditions. 


SLAVE = MASTER 
TRANSMITTER / SOREWEE TRANSMITTER / os ANeEe | TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


MBA605 


Fig.13 System configuration. © 


START clock pulse for 
condition . . acknowledgement 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT =~ \ / 
BY RECEIVER MBA6O6 - 1 


Fig.14 Acknowledgement on the I?C-bus. 


1997 Feb 25 112 


Philips Semiconductors 


Product specification 


Universal LCD driver for low multiplex 


rates 


OM4085 


OM4085 I|2C-bus controller 


The OM4085 acts as an I2C-bus slave receiver. It does not 
initiate I@C-bus transfers or transmit data to an I2C-bus 
master receiver. The only data output from the OM4085 
are the acknowledge signals of the selected devices. 
Device selection depends on the I2C-bus slave address, 
on the transferred command data and on the hardware 
subaddress. 


In single device applications, the hardware subaddress 
inputs AO, A1 and A2 are normally left open-circuit or tied 
to Vss which defines the hardware subaddress 0. 

In multiple device applications AO, A1 and A2 are left 
open-circuit or tied to Vss or Vpp according to a binary 
coding scheme such that no two devices with a common 
l2C-bus slave address have the same hardware 
subaddress. 


In the power-saving mode it is possible that the OM4085 is 
not able to keep up with the highest transmission rates 
when large amounts of display data are transmitted. If this 
situation occurs, the OM4085 forces the SCL line LOW 
until its internal operations are completed. This is known 
as the ‘clock synchronization feature’ of the I?C-bus and 
serves to slow down fast transmitters. Data loss does not 
occur. 


Input filters 


To enhance noise immunity in electrically adverse 
environments, RC low-pass filters are provided on the 
SDA and SCL lines. 


I2C-bus protocol 


Two I2C-bus slave addresses (0111110 and 0111111) are 
reserved for OM4085. The least-significant bit of the slave 
address that a OM4085 will respond to is defined by the 
level tied at its input SAO (pin 10). Therefore, two types of 
OM4085 can be distinguished on the same |?C-bus which 
allows: 


1. Upto 16 OM4085s on the same I2C-bus for very large 
LCD applications 


Nm 


The use of two types of LCD multiplex on the same 
l2C-bus. 
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The |?C-bus protocol is shown in Fig.15. The sequence is 
initiated with a START condition (S) from the I2C-bus 
master which is followed by one of the two OM4085 slave 
addresses available. All OM4085s with the corresponding 
SAO level acknowledge in parallel the slave address but all 
OM4085s with the alternative SAO level ignore the whole 
l2C-bus transfer. After acknowledgement, one or more 
command bytes (m) follow which define the status of the 
addressed OM4085s. The last command byte is tagged 
with a cleared most-significant bit, the continuation bit C. 
The command bytes are also acknowledged by all 
addressed OM4085s on the bus. 


After the last command byte, a series of display data bytes 
(n) may follow. These display data bytes are stored in the 
display RAM at the address specified by the data pointer 
and the subaddress counter. Both data pointer and 
subaddress counter are automatically updated and the 
data are directed to the intended OM4085 device. 

The acknowledgement after each byte is made only by the 
(AO, A1, A2) addressed OM4085. After the last display 
byte, the I@C-bus master issues a STOP condition (P). 


Command decoder 


The command decoder identifies command bytes that 
arrive on the I?C-bus. All available commands carry a 
continuation bit C in their most-significant bit position 
(see Fig.16). When this bit is set, it indicates that the next 
byte of the transfer to arrive will also represent a 
command. 

If the bit is reset, it indicates the last command byte of the 
transfer. Further bytes will be regarded as display data. 


The five commands available to the OM4085 are defined 
in Table 5. 
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acknowledge by acknowledge 
all addressed by AO, Ai and A2 


selected 
OM sees OM4085 only 


slave address 


so 1111 elelafe COMMAND DISPLAY DATA 


m 21 byte(s) n= 0 byte(s) 


update data pointers 
and if necessary, 
MBH953 subaddress counter 


Fig.15 I@C-bus protocol. 


0 = last command 
1 = commands continue 


MSB 
REST OF OPCODE ~ 


MGG388 


Fig.16 General format of command byte. 
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Table 5 Definition of OM4085 commands 


COMMAND/OPCODE OPTIONS DESCRIPTION 


Mode set 


c[Tt] oye |S [Mm 
defines display status; the possibility to disable 
the display allows implementation of blinking 
under external control 
[Load data pointer 


Load data pointer 


PPP PEP — 


Device select 


FEE EEA _ 


Bank select 


C 1 1 1 see Table 12 defines input bank selection (storage of arriving 
display data) 
, see Table 13 defines output bank selection (retrieval of LCD 
display data) 
the BANK SELECT command has no effect in 
1:3 and 1: 4 multiplex drive modes 


see Table 15 selects the blinking mode; normal operation 
with frequency set by bits BF1 and BFO, or 
blinking by alternation of display RAM banks. 
Alternation blinking does not apply in 1: 3 and 
1: 4 multiplex drive modes 


Table 6 LCD drive mode 


LCD DRIVE MODE BIT M1 BIT MO 
Sate (BP te 
1:2 MUX (2 BP 


1:3 MUX (3 BP) 
1:4 MUX (4 BP) 


five bits of immediate data, bits P4 to PO, are 
transferred to the data pointer to define one of 
twenty-four display RAM addresses 


three bits of immediate data, bits AO to A2, are 
transferred to the subaddress counter to define 
one of eight hardware subaddresses 
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Table 7 LCD bias configuration 


Disabled (blank) 


Enabled 


Table 10 Load data pointer 


| irs | pa | ps | p2 | Pt | Po | 


Table 11 Device select 


| ams | to | at | oe 


Table 12 Input bank selection 


STATIC 
RAM bit 0 RAM bits 0, 1 
RAM bit 2 RAM bits 2, 3 


Table 13 Output bank selection 


RAM bit 0 RAMbits0,1 | oO | 
RAM bit 2 RAM bits 2, 3 


Table 14 Blinking frequency 
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Table 15 Blink mode selection 


BLINK MODE BITA 
Normal blinking a ae 
Alternation blinking 


Display controller 


The display controller executes the commands identified 
by the command decoder. It contains the status registers 
of the OM4085 and coordinates their effects. 


The controller is also responsible for loading display data 
into the display RAM as required by the filling order. 


Cascaded operation 


In large display configurations, up to 16 OM4085s can be 
distinguished on the same I?C-bus by using the 3-bit 
hardware subaddress (AO, A1 and A2) and the 
programmable |?C-bus slave address (SAO). It is also 
possible to cascade up to 16 OM4085s. When cascaded, 
several OM4085s are synchronized so that they can share 
the backplane signals from one of the devices in the 
cascade. Such an arrangement is cost-effective in large 
LCD applications since the outputs of only one device 
need to be through-plated to the backplane electrodes of 
the display. The other OM4085s of the cascade contribute 
additional segment outputs but their backplane outputs are 
left open-circuit (Fig.17). 


The SYNC line is provided to maintain the correct 
synchronization between all cascaded OM4085s. 

This synchronization is guaranteed after the power-on 
reset. The only time that SYNC is likely to be needed is if 
synchronization is accidentally lost (e.g. by noise in 
adverse electrical environments; or by the definition of a 
multiplex mode when OM4085s with differing SAO levels 
are cascaded). SYNC is organized as an input/output pin; 
the output section being realized as an open-drain driver 
with an internal pull-up resistor. A OM4085 asserts the 
SYNC line at the onset of its last active backplane signal 
and monitors the SYNC line at all other times. 

Should synchronization in the cascade be lost, it will be 
restored by the first OM4085 to assert SYNC. The timing 
relationships between the backplane waveforms and the 
SYNC signal for the various drive modes of the PCF8576 
are shown in Fig.18. The waveforms are identical with the 
parent device PCF8576. Cascade ability between 
OM4085s and PCF8576s is possible, giving cost effective 
LCD applications. 
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SCL 17 to 40 
| | SYNC ee LCD PANEL 
Lie (up to 1536 
See elements) 
Ree 
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i 


24 segment drives 


17 to 40 


OM4085 


4 backplanes 
BPO to BP3 


13 to 16 


QO 11 


7 8 9 1 
Vss 


MBH950 


Fig.17 Cascaded OM4085 configuration. 
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1 


frrame 


BPO | | | 
SYNC | | | | 


(a) static drive mode. 


BP1 
(1/2 bias) 
BP1 
(1/3 bias) 3 


SYNC | | | | 


(b) 1 : 2 multiplex drive mode. 


—| “HI 
ro 


(c) 1: 3 multiplex drive mode. 


7  2Pies. 1” 


MBE535 


| Thame = | 


(d) 1 : 4 multiplex drive mode. 


Fig.18 Synchronization of the cascade for the various OM4085 drive modes. 


For single plane wiring of OM4085s, see Chapter “Application information”. 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


rswweor | PARAMETER «OWN | WAX 
Yoo _|suwpiyvotage——SS=~=~“‘*‘*‘“‘“—S*S*“‘“‘*~*d OSSC“‘“zSCOC*‘i*SS 


[Vo [output votage (S00 $23 and BPOTOBPS)———————*(Vuc- 05 [Vom 405 |V 
in _[DCinputeurent SSS 
ar 


DC output current 
lpp, Iss, ILcp | Vop, Vss or Vicp current 


a 
oreo! 
as 
power dissipation per package een ea! 
ee! 


Po power dissipation per output 
storage temperature 


HANDLING 


V 
V 
V 
iv 


Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is 
advised to take handling precautions appropriate to handling MOS devices (see “Handling MOS devices’). 
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DC CHARACTERISTICS 
Vss = 0 V; Vpp = 2.0 to 6 V; Vicp = Vpp — 2.0 to Vpp — 6 V; Tamb = —40 to +85 °C; unless otherwise specified. 


[swweo.[ _Paraweten | conomons | wi. | Twp | wax. | UNT 


Supplies . 


[Vo _[overating supply otage—=—S«dSC=‘“‘*S*—C*‘«dé]=S]*S~C<si‘izSC*C‘zsSCOC~™ 
[Vico [LCD suppiyvotiage SSS SSSSS~S~S~ oo =| | Von OV 


operating supply current fox = 200 kHz; note 1 A 
(normal mode) 


power saving mode supply current | Vpp = 3.5 V; Vicp = 0 V; 
foLk = 35 kHz; AO, 

A1 and A2 tied to Vss; 
note 1 


(6?) 
(a) 
< 


ILp 


a © 
on 
aN 
o) 
c 
> 


Logic 


0.3Vpp 


> 


leakage current 
(SAO, CLK, OSC, AO, A1, A2, SCL 
and SDA) 


pull-down current Viz=1V; Vpp=5V 
(AO, A1, A2 and OSC) 
puSYNc | pull-up resistor (SYNC) 


ref power-on reset level note 2 


R 
V 
Less tolerable spike width on bus 
Ci 


input capacitance note 3 


V| = Vss or Vpp 


=, 


[0.30 
(CLK and SYNC) 
lope LOW level output current Vot = 0.4 V; Vpp = 5 V P 
(SDA and SCL) 


15 150 


co 
> 


O1 


On 
e) 


2 
100 


y io) 


ns 
p 


1S) 
— i} 2PM oO 
io) 


7 


LCD outputs 


DC voltage component Cpp = 35 nF 
(BPO to BP3) 


DC voltage component (SO to S23) | Cs = 5 nF 
output impedance (BPO to BP3) Vicp = Vpp — 5 V; note 4 


output impedance (SO to S23) Vicp = Vpp —5 V; note 4 


+20 mV 


+20 


Z 


e) 


Vep 

Vs 
BP 

Zs 


ray 3 
< 


oe 


Notes 

1. Outputs open; inputs at Vss or Vpp; external clock with 50% duty factor; I?C-bus inactive. 
2. Resets all logic when Vpp < Veer. 

3. Periodically sampled, not 100% tested. 

4. Outputs measured one at a time. 
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AC CHARACTERISTICS 
Vss = 0 V; Vpp = 2.0 to 6 V; Vicp = Vpp — 2.0 to Vpp — 6 V; Tamb = —40 to +85 °C; unless otherwise specified; note 1. 


SYMBOL PARAMETER CONDITIONS 
oscillator frequency (normal mode) | Vpp = 5 V; note 2 
( 


fCLKLP oscillator frequency (power saving | Vpp=3.5 V 
mode) 


[cues | CLK HIGH tims eS 
eux | OLK LOW time eee 
[ecw | SYNC propagation delay «| 


fsrice __ [SYNC LOW time ed 
driver delays with test loads Vicp= Vpp- 5 V 


ie) 
© 


I2C-bus 


four __[oustrestime SST SSC*d 
[iwo;sta [START condition holdtime | 
fuow *([SOLLOWIime | 
fiwon _|SCLHIGHime | 
START condition set-up time A 
(repeated start code only) 
data hold time aa 
ftsupar___|datasetuptime | 
fy isetime CTS 
fy itatime —SCS~—~iSC“‘CS*~*~*~S 
STOP condition set-up time Po 


Notes 


1. All timing values referred to Vi and Vi, levels with an input voltage swing of Vss to Vpp. 
2. At fork < 125 kHz, l@C-bus maximum transmission speed is derated. 


ie 3.3 kQ ey spa. scL 18 KO 
(pin 4) oa m~eNDD (pins 1, 2) (2%) 
SYNG 6.8 kQ 


(pin3) "Bs VDD 


BPO to BP3 SO to S23 


(pins 13 to 16) (pins 17 to 40) 
—> lioad ~ 25 HA — lioad = 15 HA 


MGG387 


Fig.19 Test loads. 
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tiPSYNC —> — 


+ ISVNGL 


1 
0.5V 
: { 
BPO to BP3 
SO to $23 | ‘ \ “ope? ) 
0.5V 
f 


MGG391 


Fig.20 Driver timing waveforms. 


tHD;DAT tHIGH 'SU;DAT 


MGA728 


Fig.21 I?C-bus timing waveforms. 
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Vpp (V) : 


a. Normal mode; Vicp = 0 V; . b. Low power mode; Vicp = 0 V; 
external clock = 200 kHz. external clock = 35 kHz. 


Fig.22 Typical supply current characteristics. 


MGG400 


[ 


6 8 
Vpp (V) 


a. Backplane output impedance BPO to BP3 b. Segment output impedance SO to S23 (Rs); 
(Rep); Vop =5 V; Tamb = —40 to +85 °C. Vpp = 5 V: 


Fig.23 Typical characteristics of LCD outputs. 
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BACKPLANES SEGMENTS MBH952 


Fig.24 Single plane wiring of package OM4085s. 
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


2.5 mm") 


5) Ee] (2) a 


Sg 
S10 
S11 VicD 
$12 
2.91(1) 
$13 - X mm 


$14 
$15 OM4085 
$16 


$17 


fo] I [el lel fa) El 


$18 


EJ 
™N 
[e] 


MBH949 


S19 
S20 
S21 
S22 
S23 

SDA 
SCL 
SYNC 
CLK 
VDD 


(1) Typical value. 

Pad size: 120 x 120 um 

Chip area: 7.27 mm. 

The numbers given in the small squares refer to the pad numbers. 


Fig.25 Bonding pad locations. 
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Table 16 Bonding pad locations (dimensions in mm) 
All x/y coordinates are referenced to centre of chip, (See Fig.25) 


| PADNUMBER | =syMBoL | x] ly 
SOL 400 
CLK 856 
60s t080 085 
eS t080 8 
080 a 
SAO 
Pt 947 
674 
474 
S10 565 
S12 
S14 
S21 
$23 
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128 x 8-bit EEPROM with |*C-bus interface PCA8581; PCA8581C 
1 FEATURES 2 GENERAL DESCRIPTION 
e Operating supply voltage: | ~ The PCA8581 and PCA8581C are low power CMOS 
~ 4.5 to 5.5 V (PCA8581) EEPROMs with standard and wide operating voltages: 
— 2.5 to 6.0 V (PCA8581C) 4.5 to 5.5 V (PCA8581) 
_e Integrated voltage multiplier and timer for writing 2.5 to 6.0 V (PCA8581C). 
(no external components required) In the following text, the generic term ‘PCA8581’ is used to 
e Automatic erase before write refer to both types in all packages except when otherwise 
e Low standby current; maximum 10 pA specilied. 
e 8-byte page write mode The PCA8581 is organized as 128 words of 8-bytes. 
e Serial input/output bus (l?C-bus) Addresses and data are transferred serially via a two-line 


bidirectional bus (I2C-bus). The built-in word address 
register is incremented automatically after each written or 
read data byte. All bytes can be read in a single operation. 
e Designed for minimum 10000 write cycles per byte Up to 8 bytes can be written in one operation, reducing the 
e 10 years minimum non-volatile data retention total write time per byte. Three address pins, AO, A1 and 
A2 are used to define the hardware address, allowing the 


use of up to 8 devices connected to the bus without 
e Pin and address compatibility to PCF8570C and additional hardware. 


PCF8582 
Operating ambient temperature: —25 to +85 °C. 


e Address by 3 hardware address pins 
e Automatic word address incrementing 


e Infinite number of read cycles 


3. QUICK REFERENCE DATA 


SYMBOL PARAMETER CONDITIONS 
Vop 


supply voltage 
PCA8581 
PCA8581C 


4.5 

2.5 
co | supply ourent (standby) _[fba=OHe —SSSS~d-SSS«dTO «di 
Tan [operating ambient temperature [| SSSS~RBSSC*d WBC 
Tot storage temperature 


4 ORDERING INFORMATION 


TYPE PACKAGE 
plastic dual in-line package; 8 leads (300 mil) 
plastic dual in-line package; 8 leads (300 mil) 
plastic small outline package; 8 leads; body width 3.9 mm 
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5 BLOCK DIAGRAM 


VOLTAGE 
ee MULTIPLIER 


PCA8581 
PCA8581C 


WORD MEMORY 


REGISTER 


— 


INPUT 2c COLUMN 
FILTER x CONTROL SELECT MULTIPLEXER 


ARRAY 


R/W 
EGISTER 7 Pe lcontRoL 


MLB887 


Fig.1 Block diagram. 


6 PINNING 


/escarnon 
ae 


Vss negative supply 
SDA 5 serial data input/output 
SCL i. 2614 serial clock input 


TEST 7 test output can be connected to Vss, Vpp or left 
open-circuit 


positive supply 


MLB888 


Fig.2 Pin configuration. 
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7 CHARACTERISTICS OF THE I2C-BUS 


The |2C-bus is for bidirectional, two-line communication 

between different ICs or modules. The two lines are a 

_ serial data line (SDA) and a serial clock line (SCL). Both 

lines must be connected to a positive supply via a pull-up 

resistor. Data transfer may be initiated only when the bus 
is not busy. 


data line 
stable; 
data valid 


7.1 Bit transfer 


One data bit is transferred during each clock pulse. 

The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
at this time will be interpreted as a control signal. 


| | 
| change | 
| of data | 


| allowed | MBAG607 


Fig.3 Bit transfer. 


7.2 Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is 


defined as the stop condition (P). 


i oS a 


| | 
| | 
SCL , 


ar 


START condition 


a aad | 


STOP condition 
; MBA608 


Fig.4 Definition of START and STOP conditions. 
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A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls 
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’. 


MASTER 
TRANSMITTER / 


RECEIVER RECEIVER 


TRANSMITTER / 
RECEIVER 


MASTER 
TRANSMITTER / 
RECEIVER 


MASTER 
TRANSMITTER 


MBA605 


Fig.5 System configuration. 


7.4 Acknowledge 


The number of data bytes transferred between the start 
and stop conditions from transmitter to receiver is 
unlimited. Each byte of eight bits is followed by an 
acknowledge bit. The acknowledge bit is a HIGH level 
signal put on the bus by the transmitter during which time 
the master generates an extra acknowledge related clock 
pulse. A siave receiver which is addressed must generate 
an acknowledge after the reception of each byte. Also a 
master receiver must generate an acknowledge after the 
reception of each byte that has been clocked out of the 
slave transmitter. 


START 
condition 


SCL FROM 
MASTER 


BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


The device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times 
must be taken into consideration). A master receiver must 
signal an end of data to the transmitter by not generating 
an acknowledge on the last byte that has been clocked out 
of the slave. In this event the transmitter must leave the 
data line HIGH to enable the master to generate a stop 
condition. 


clock pulse for 
acknowledgement 


| 
c. sae co 
| 
| 
| — 
S 


MBAGO6 - 1 Nene 


Fig.6 Acknowledgement on the I?C-bus. 
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7.5 12C-bus protocol 


Before any data is transmitted on the I@C-bus, the device which should respond is addressed first. The addressing is 
always carried out with the first byte transmitted after the start procedure. The I2C-bus configuration for the different 
PCA8581 WRITE and READ cycles is shown in Figs 7, 9 and 10. 


acknowledgement acknowledgement acknowledgement 
from slave from slave from slave 


SLAVE ADDRESS 0} al X WORD ADDRESS Ay ata fal WRITING 


R/W_ don't | n bytes = sl 


care 
auto increment 
memory word address MLB889 


Fig.7 Master transmits to slave receiver (WRITE) mode. 


After the word address, one-to-eight data bytes can be sent. The address is automatically incremented, but the four 
highest address bits (row) are internally latched. Therefore all bytes are written in the same row. 


An example of writing eight bytes with word address X 0 0 0 0 0 0 0 and six bytes with word address X001010 1 is 
shown in Fig.8. 


Ee ee Te ee 


MLB890 


(1) X=don't care. 


Fig.8 Writing eight and six bytes with different word addresses. 
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To transmit eight bytes in sequential order, begin with the lowest address bits 0 0 0. The data is written after a stop is 
detected. The data is only written if complete bytes have been received and acknowledged. Writing takes a time twr 
(6 to 10 ms) during which the device will not respond to its slave address. Note that to write the next row, a new write 
operation is required (start, slave address, row address, data and stop). 


acknowledgement acknowledgement acknowledgement acknowledgement 
from slave from slave from slave from master 


R/W don't at this moment master - Ww nibyles | | 


care transmitter becomes auto increment 
master - receiver and memory word address 
PCA8581(C) slave - receiver 
becomes slave - transmitter 


no acknowledgement 
from master 


L— last byte 


auto increment 


MLB891 memory word address 


Fig.9 Master reads after setting word address (WRITE word address; READ data). 


acknowledgement acknowledgement acknowledgement 
from slave from slave from slave 


fo [teins SPT oe Toe TTT 
R/W _ n bytes tt _ last bytes _if 


auto increment auto increment 
word address word address 


MBD824 


Fig.10 Master reads slave immediately after first byte (READ mode). 


An unlimited number of data bytes can be read in one operation. The address is automatically incremented. If a read 
without setting the word address is performed after a write operation, the address pointer may point at a byte in the row 
after the previously written row. This occurs if, during writing, the three lowest address bits (column) rolled over. 
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8 LIMITING VALUES : | 
In accordance with the Absolute Maximum Rating System (IEC 134). 


) F 
Vos _[suppiyvotage ping) SSCS 
[i [BCinputeurent 
aa 
na i 


8 | 
= [Ho [ma __| 
ae 
a4 
ae 
25 


ee 
total power dissipation per package [ae 


power dissipation per output 
Tamb operating ambient temperature 
T 


—2 5. 
stg storage temperature | without EEPROM retention 


9 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC 12 under 
“Handling MOS Devices”. 
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10 DC CHARACTERISTICS 
Vpp = 2.5 to 6.0 V (PCA8581C); Vpp = 4.5 to 5.5 V (PCA8581); Vsg = 0 V; Tamb = —25 to +85 °C; note 1; unless 
otherwise specified. 


| SYMBOL PARAMETER CONDITIONS | MIN. | TYP, | MAX. | UNIT 


Supply 
Vpp 


supply voltage 
PCA8581C 
PCA8581 
supply current 
standby mode 
during read cycle 
during write cycle 


Inputs AO, A1, A2, SDA and SCL 


‘Vn [LOW ievelinputvotage | —=S~S~S~S 
fk: |inputteakage curent _[Vi=VooorVes Si 
fc, [input capacitance [VizVos_SSS~S 


Output SDA 


fin [LOW level ouiput cunent [Vo.=04VS—~*dS dd Sd 


Erase/write data 


wa _[witetime SiS 


Note 


1. The PCA8581C is guaranteed to be programmed with all locations ‘FF’ (hexadecimal) provided the device has been 
stored within the temperature limits —65 to +85 °C. 


fsc. = 0 Hz; Vit = 0 V; Vin= Vpop 
fgc. = 100 Hz; Vi_ = 0 V; Vin = Vop 
Vit = 0 V; Vin= Vpp 
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11 AC CHARACTERISTICS : 
All timing values are valid within the operating supply voltage and ambient temperature range and reference to Vi_ and 
Vin with an input voltage swing of Vss to Vpp. | 


Psyweot | ——sPanaweveR ———=—~=S=| “NTR | wax | UNT 


ea ___—*(SCLelock frequency ———SSS~S~S~ Sid S*d Sd 
ce [tolerable spike width onbus———SSSC~d 

[ter —idoustreetime——SSSCSC~S~ATCS 

[guste [START condition setuptime——SS~T 

[wwosva [START condition holdtime ——~SCS~S~ 

fiow = SCLLOWWime—SSCSC~S~S~S ATC 

[wor —*([SCLHIGHtime——SSS~S~S~S~ 

: saneee 

eo 

250 

os 

a 


SCL and SDA rise time 
ltt -—~——s« | SCL and SDA fall time 


Note | | : 
1. A detailed description of the I2C-bus specification, with applications, is given in brochure “The fC-bus and how to 
use it”. This brochure may be ordered using the code 9398 393 40011. 


‘ “START; BITO | ACKNOWLEDGE STOP 
PROTOCOL CONDITION LSB (A) CONDITION |: 
(S) (R/W) (P) 


|<? 
MBD820 ' SU;STO 


Fig.11 I@C-bus timing diagram; rise and fall times refer to Vy. and Vip. 
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12 APPLICATION INFORMATION 
12.1 Application example 


MASTER 
TRANSMITTER/ 
sc. RECEIVER 


0 PCA8581/PCA8581C 
'1010' 


TEST 


0 { PCA8581/PCA8581C 
'1010' 


SDA 


TEST Vss 


1 PCA8581/PCA8581C 
'1010' 


A2 V SDA 
TEST SS 


RR: pull-up resistor 
frit 
CBus 


SDA SCL MLB893 
(I?C —bus) 


Inputs AO, Ai and A2 must be connected to Vpp of Vsg but not left open-circuit. 


Fig.12 Application diagram. 
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12.2 Slave address 
The PCA8581 has a fixed combination 1 0 1 0 as group 1, while group 2 is fully programmable (see Fig.13). 


Re 


_ group 1 as group ail MLB892 


Fig.13 Slave address. 


12.3 Diode protection 


MLB8&94 


There is no connection between SCL and Vpp, and SDA and Vpp; this allows powering down the device without affecting I2?C-bus operation. 


Fig.14 Device diode protection. 
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1 FEATURES : 2 GENERAL DESCRIPTION 
e Single supply with operation 4.5 to 5.5 V The Philips PCB2421 is a 128 x 8-bit dual mode serial 


Electrically Erasable PROM (EEPROM). 

This device is designed for use in applications requiring 
storage and serial transmission of configuration and 
control information. Two modes of operation have been 

e Two-wire |?C-bus interface implemented: transmit-only mode (DDC1 mode) and 

¢ Self-timed write cycle (including auto-erase) bidirectional mode (DDC2B, or I?C-bus mode). Upon 
power-up, the device will be in the transmit-only mode, 
sending a serial bitstream of the entire memory array 

e Write-protect pin contents, clocked by the VCLK pin. A valid HIGH-to-LOW 
e 100 kHz l2C-bus compatibility transition on the SCL pin will cause the device to enter the 
bidirectional mode, with byte selectable read/write 
capability of the memory array. The PCB2421 is available 
e Data retention greater than 10 years in a standard 8-pin dual in-line and 8-pin small outline 
8-pin DIP and SO package package operating in a commercial temperature range. 


e Completely implements DDC1/DDC2B interface for 
monitor identification 


Low power CMOS technology 


e Page-write buffer for up to 8 bytes 


Designed for 10000 erase/write cycles minimum 


Temperature range 0 to +70 °C. 


3 ORDERING INFORMATION 


PACKAGE 
TYPE NUMBER 3 
| NAME | DESCRIPTION VERSION 


PCB2421P DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1 
PCB2421T plastic small outline package; 8 leads; body width 3.9 mm SOT96-1 
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4 BLOCK DIAGRAM 


MEMORY 
CONTROL 
LOGIC 


PCB2421 


(1) Factory use only. 


HV GENERATOR 


EEPROM 
x |] ARRAY 
DECODER 


PAGE LATCHES 


Y 
DECODER 
SENSE AMPLIFIER 
R/W CONTROL 


MBG271 


Fig.1 Block diagram. 


5 PINNING 


DESCRIPTION 


factory use only: must be tied to Vpp; 
may not be left open-circuit 


may be tied to Vss, Vpp, or left 
open-circuit 


3 | write protect input (LOW = write 
protected, HIGH = not write protected); 


may not be left open-circuit 


Wes | 4 found 


5 | serial data input/output 
L 


7 | serial clock input (transmit-only mode, 
DDC1) 


supply voltage 
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serial clock input/output (DDC2B) 


PCB2421 


WP | 3 | 


MBG272 


Fig.2 Pin configuration. 
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6 FUNCTIONAL DESCRIPTION 


The PCB2421 operates in two modes, the transmit-only 
mode (DDC1) and the bidirectional mode (DDC2, or 
lI2?C-bus mode). There is a separate two-wire protocol to 
support each mode, each having a separate clock input 
and sharing a common data line (SDA). The device enters 
the transmit-only mode (DDC1) upon power-up. In this 
mode the device transmits data bits on the SDA pin in 
response to a Clock signal on the VCLK pin. The device will 
remain in this mode until a valid HIGH-to-LOW transition is 
placed on the SCL input. When a valid transition on SCL is 
recognized, the device will switch into the bidirectional 
mode (see Fig.3). The only way to switch the device back 
to the transmit-only mode (DDC1) is to remove power from 
the device. 


6.1. Transmit-only mode (DDC1) 


The device will power-up in the transmit-only mode. This 
mode supports a unidirectional two-wire protocol for 
transmission of the contents of the memory array 

(see Fig.12). The PCB2421 requires that it be initialized 
prior to valid data being sent in the transmit-only mode 
(see Section “Initialization procedure”, and Fig.4). 


In this mode, data is transmitted on the SDA pin in 8-bit 
bytes, each byte followed by a ninth clock pulse during 
which time SDA is left high-impedance. The clock source 
for the transmit-only mode is provided on the VCLK pin; 
a data bit is output on the rising edge on this pin. The 8 bits 
in each byte are transmitted most significant bit first. Each 
byte within the memory array will be output in sequence. 
When the last byte in the memory array is transmitted, the 
output will wrap around to the first location and continue. 
The bidirectional mode clock (SCL) pin must be held HIGH 
for the device to remain in the transmit-only mode. 


6.2 Initialization procedure 


At power-on, after Vpp has stabilized, the device will be in 
the transmit-only mode. Nine clock cycles on the VCLK pin 
must be given to the device for it to perform internal 
synchronization. During this period, the SDA pin will be in 
a high-impedance state. On the rising edge of the tenth 
clock cycle, the device will output the first valid data bit 
which will be the most significant bit of a byte. The device 
will power-up with address pointer at OOH (see Fig.4). 


6.3. Bidirectional mode (DDC2B, I2C-bus mode) 


The PCB2421 can be switched into the bidirectional mode 
(see Fig.3) by applying a valid HIGH-to-LOW transition on 
the bidirectional mode clock (SCL). 
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When the device has been switched into the bidirectional 
mode, the VCLK input is disregarded. This mode supports 
a two-wire bidirectional data transmission protocol 
(I2C-bus protocol). In the I?C-bus protocol, a device that 
sends data on the bus is defined to be the transmitter, and 
a device that receives data from the bus is defined to be 
the receiver. The bus must be controlled by a master 
device that generates the bidirectional mode clock, 
controls access to the bus, and generates the START and 
STOP conditions, while the PCB2421 acts as slave. Both 
master and slave can operate as transmitter or receiver, 
but the master device determines which mode is activated. 


6.3.1 BIDIRECTIONAL MODE BUS CHARACTERISTICS 


The following bus protocol has been defined: 


e Data transfer may be initiated only when the bus is not 
busy 


e During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as a 
START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Fig.6). 


6.3.2 
Both data (SDA) and clock (SCL) lines remain HIGH. 


BUS NOT BUSY (A) 


6.3.3 


A HIGH-to-LOW transition of the SDA line while SCL is 
HIGH determines a START condition. All commands must 
be preceded by a START condition. 


START CONDITION (B) 


6.3.4 


A LOW-to-HIGH transition of the SDA line while SCL is 
HIGH determines a STOP condition. All operations must 
be ended with a STOP condition. 


STOP CONDITION (C) 


6.3.5 DATA VALID (D) 


The state of the data line represents valid data when, after 


a START condition, the data line is stable for the duration 
of the HIGH period of the clock signal. The data on the line 
must be changed during the LOW period of the clock 
signal. There is one clock pulse per bit of data. Each data 
transfer is initiated with a START condition and terminated 
with a STOP condition. The maximum number of data 
bytes transferred between the START and STOP 
conditions during a write operation is 8 bytes (see Section 
“Page write” and Fig.5). 
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The maximum number of data bytes transferred between 
START and STOP conditions during a read operation is 
unlimited. 


6.3.6 ACKNOWLEDGE 


The PCB2421, when addressed in DDC2B mode, is 
obliged to generate an acknowledge after the reception of 
each byte. The master device must generate an extra (9th) 
clock pulse which is associated with this acknowledge bit. 
The PCB2421 does not generate an acknowledge if an 
internal programming cycle is in progress (SDA line is left 
HIGH during the 9th clock pulse). The PCB2421 generates 
an acknowledge by pulling down the SDA line during the 
acknowledge pulse in such a way that the SDA line is 
stable LOW during the HIGH period of the acknowledge 
related clock pulse. Set-up and hold times must also be 
taken into account. The master receiver must signal an 
end of data to the PCB2421 by not generating an 
acknowledge bit on the last byte that has been clocked out 
of the slave transmitter. In this case, the slave transmitter 
PCB2421 must leave the data line HIGH to enable the 
master to generate the STOP condition. 


6.3.7 SLAVE ADDRESS 


After generating a START condition, the bus master 
transmits the slave address (MSB first) consisting of a 7-bit 
device address (1010000) for the PCB2421. The eighth bit 
of the slave address determines if the master device wants 
to read or write to the PCB2421 (R/W bit) (see Fig.7). 
The PCB2421 monitors the bus for its corresponding slave 
address all the time. It generates an acknowledge bit if the 
slave address was true and it is not in a programming 
mode. 


Table 1 


Slave address 


OPERATION SLAVE ADDRESS 


6.4 Write operation 


6.4.1 


BYTE WRITE 


Following the START condition from the master, the 
device address (7 bits), and the R/W bit (logic LOW for 
write) is placed on the bus by the master transmitter. This 
indicates to the addressed slave receiver that a byte with 
a word address will follow after it has generated an 
acknowledge bit during the ninth clock cycle. Therefore the 
next byte transmitted by the master is the word address 
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and will be written into the address pointer of the 
PCB2421. After receiving another acknowledge signal 
from the PCB2421, the master device will transmit the data 
word to be written into the addressed memory location. 
The PCB2421 acknowledges again and the master 
generates a STOP condition. This initiates the internal 
write cycle, and during this time the PCB2421 will not 
generate acknowledge signals. 


6.4.2 PAGE WRITE 


For a page write, the write control byte, word address, and 
the first data byte are transmitted to the PCB2421 in the 
same way as in a single byte write. But instead of 
generating a STOP condition the master transmits up to 
eight data bytes to the PCB2421 which are temporarily 
stored in the on-chip page buffer and will be written into the 
memory after the master has transmitted a STOP 
condition. After the receipt of each word, the three lower 
order address pointer bits are internally incremented by 
one. The higher order four bits of the word address remain 
constant. A maximum of 8 bytes can be written in one 
operation. As with the byte write operation, once the STOP 
condition is received an internal write cycle will begin 
(see Figs 5 and 8). 


6.5 Acknowledge polling 


Since the device will not acknowledge during a write cycle, 
this can be used to determine when the cycle is complete 
(this feature can be used to maximize bus throughput). 
Once the STOP condition for a write command has been 
issued from the master, the device initiates the internally 
timed write cycle. Acknowledge (ACK) polling can be 
initiated immediately. This involves the master sending a 
START condition followed by the control byte for a write 
command (R/W = 0). If the device is still busy with the write 
cycle, then no ACK will be returned. If the cycle is 
complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Fig.9 for flow diagram. 


6.6 


Pin 3 is a write protect input (WP). Inthe DDC1 mode, the 
PCB2421 can only be read according to the DDC1 
protocol, hence the WP input has no effect in this mode. 
In the DDC2B mode, when WP is connected to ground, the 
entire EEPROM is write-protected, regardless of other pin 
states. When connected to Vpp, write-protection is 
disabled and the EEPROM may be programmed. WP may 
not be left open-circuit. 


Write protection 
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Table 2. Mode configurations 


Note 
1. Where X = don't care. 


6.7 Read operation 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the slave 
address is set to logic 1. There are three basic types of 
read operations: current address read, random read, and 
sequential read. 


6.7.1 CURRENT ADDRESS READ 


The PCB2421 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address ‘n’, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address with 
R/W set to logic 1, the PCB2421 issues an acknowledge 
and transmits the eight bit data word. The master will not 
acknowledge the transfer but does generate a STOP 
condition and the PCB2421 discontinues transmission 
(see Fig.10). 


6.7.2 RANDOM READ 


Random read operations allow the master to access any 
memory location in a random manner. To perform this type 
of read operation, the word address must first be set. This 
is done by sending the word address to the PCB2421 as 
part of a normal write operation. After the word address is 
sent, the master generates a REPEATED START 
condition following the acknowledge. This terminates the 
write operation, but not before the internal address pointer 
is set. The master then issues the control byte again but 
with the R/W bit set to logic 1. The PCB2421 will then issue 
an acknowledge and transmits the 8-bit data word. 

The master will not acknowledge the transfer but does 
generate a STOP condition and the PCB2421 
discontinues transmission (see Fig.11). 


6.7.3 SEQUENTIAL READ 


Sequential reads are initiated in the same way as a 
random read except that after the PCB2421 transmits the 
first data byte, the master issues an acknowledge as 
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opposed to a STOP condition in a random read. 

This directs the PCB2421 to transmit the next sequentially 
addressed 8-bit word. To provide sequential reads the 
PCB2421 contains an internal address pointer which is 
incremented by one at the completion of each operation. 
This address pointer allows the entire memory contents to 
be serially read during one operation. 


6.8 Pin description 
6.8.1 SDA 


This pin is used to transfer addresses and data into and 
out of the device, when the device is in the bidirectional 
(I2@C-bus, DDC2B) mode. In the transmit-only mode 
(DDC1), which only allows data to be read from the device, 
data is also transferred on the SDA pin. This pin is an 
open-drain terminal, therefore the SDA bus requires a 
pull-up resistor connected to Vpp (typically 10 kQ for 

100 kHz). See brochure “The /C-bus and how to use it” 
(order no. 9398 393 40011) or “Data Handbook IC 12”. 


6.8.2 SCL 


This pin is the clock input for the bidirectional mode 
(I2?C-bus, DDC2B), and is used to synchronize data 
transfer to and from the device. It is also used as the 
signalling input to switch the device from the transmit-only 
mode to the bidirectional mode. It must remain HIGH for 
the chip to continue operation in the transmit-only mode 
(DDC1). 


6.8.3 VCLK 


This pin is the clock input for the transmit-only mode 
(DDC1). In the transmit-only mode, each bit is clocked out 
on the rising edge of this signal. In DDC2B mode, this input 
is a don’t care. 


6.8.4 WP 


This pin is used to inhibit writing of the EEPROM. When 
this pin is connected to ground, writing of the EEPROM is 
inhibited. When connected to Vpp (and VCLK = Vpp), the 
EEPROM can be programmed. WP may not be left 
open-circuit. WP input is a ‘don’t care’ in DDC1 mode. 


6.8.5 TEST 


Pins 1 is a TEST pin for factory use only. It must be 
connected to Vpp in the application. 
6.8.6 N.C. 


This pin has no connection and may be tied to Vss, Vpp or 
left open-circuit. 
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transmit only mode bidirectional mode 
(DDC2) 


| 
| 
i 


VCLK | | | | | | | | | | 
MBG275 


Fig.3 Mode transition diagram. 


MBG276 


Fig.4 Device initialization diagram. 
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X0000000 


MBG277 


X = don’t care. 


Fig.5 Example of writing 8 bytes with word address XOO000000 and 6 bytes with word address X0010101. 


ae! set fe Se ees 
START data or data allowed STOP 
condition acknowledge to change condition 
valid 


MBG278 


Fig.6 DDC2B data transfer sequence on the I?C-bus. 
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ee Sees eG 


MBG279 


Fig.7 Slave address. 


acknowledgement acknowledgement acknowledgement 
from slave from slave from slave 


hee SLAVE ADDRESS jo} a} x WORD ADDRESS DATA ale WRITING 


R/W_ don't | n bytes a i 
care 


auto increment 
memory word address MBG280 


Fig.8 I?C-bus write protocol (n = maximum 8 bytes). 


1997 Apr 01 147 


Philips Semiconductors | Preliminary specification 


1K dual mode serial EEPROM _ PCB2421 


SEND 
WRITE COMMAND 


SEND STOP 
CONDITION TO 
INITIATE WRITE CYCLE 


SEND START 


SEND CONTROL BYTE 


WITH R/W =0 


DID DEVICE 
ACKNOWLEDGE 
(ACK = 0)? 


yes 


NEXT OPERATION 


MBG281 


Fig.9 Acknowledge polling. 


slave address + R/W 


START 


SDA s 


MBG282 


Fig.10 Current address read. 
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rep START 
slave address + R/W slave address + R/W 
START A he ai 


SpA |S 


MBG283 


Fig.11 Random read. 
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7 LIMITING VALUES 7 
In accordance with the Absolute Maximum Rating System (IEC 134). 


[syweor| _paraweren | _——_cOnomions |W 
| -0.3 | 


| MAX. 

| 
Cs 
a Es 

Pix __|totalpower dissipation «| ——SSSSSCS™~SSSS«di Ss mC 

[Po __|powerdissipation perouipt | SSSSSCSC~SC~«~ SO SSSCd Ci 

Tan [operating ambient temperature | SSC 

electrostatic discharge 


Note 
1. Human body model: equivalent to discharging a 100 pF capacitor through a 1.5 kQ series resistor. 


input voltage on any pin 


Voo | 

hic. 

li cel DC input current 
Ho DC output current 


8 DC CHARACTERISTICS 
Vpp = 4.5 to 5.5 V; Vss = 0 V; Tamp = 0 to +70 °C; unless otherwise specified. 


[_conomions | wi 


Vpp 

Vin HIGH level input voltage (pins 3, 
5 and 6) 

Vit LOW level input voltage (pins 3, 
5 and 6) 


HIGH level input voltage (pin 7) 

(7) LOW level input voltage (pin 7) i: 
OL LOW level output voltage 
L input leakage current —10 

lLo output leakage current —10 

IDD write) operating write current 

operating read current 


Vpp = 5.5 V; DDC2B mode; 
VCLK = SDA = SCL = Vpp 


PARAMETER TY 


U 


oo, 
S : 
© 
© 
= 
> 


<|< 
= 


IDD(read) 
Ippist) standby current 


Q 


0 


9 EEPROM CHARACTERISTICS 
Vpp = 4.5 to 5.5 V; Vsg = 0 V; Tamb = 0 to +70 °C; unless otherwise specified. 


SYMBOL PARAMETER 
EEPROM write time 


EEPROM endurance 


EEPROM retention 
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10 AC CHARACTERISTICS 
Vpp = 4.5 to 5.5 V; Vss = 0 V; Tamp = 0 to +70 °C; unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS 


DDC1 mode (transmit-only; unidirectional) 


20 
20 
mode transition time 

se |inputfiter spike suppressiontime | 
DDC1 mode power-up time 


DDC2B mode (bidirectional; I@C-bus mode); see Fig.13 


r 
f 
SP 


1 


500 


— 
© 
Oo 


5 


f 
t 
SCL and SDA rise time 
SCL and SDA fall time 
START condition hold time 


data input hold time 
data input set-up time 


tsu-STA START condition set-up time 


N N 


250 


STOP condition set-up time 
input filter spike suppression 


Notes 


= fuse 
= [es 
a ae 
caaees ae 
= [ws 
en Oe 
= ws 
pare ae 


ole 
N 


1. The rise time for SDA returning HIGH must be observed after this period. 
2. This is the time that the bus must be free before a new transmission can start. 
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NULL BIT 


BIT 1 (LSB) BIT 8 (MSB) BIT 7 


VCLK | | | | | | | | | 


| t if E MBG273 
> WVHIGH + tvLow 


Fig.12 Transmit-only mode (DDC1). 


START BITO | ACKNOWLEDGE STOP 
PROTOCOL CONDITION LSB (A) CONDITION 
(S) | (R/W) (P) 


HD:STA 'su;paT ss" HD:DAT ‘ieeees 'su;sTo 


Fig.13 DDC2B (l?C-bus timing). 
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11 APPLICATION INFORMATION 3. Maximum 100 kHz DDC2B clock frequency 
4. Maximum 25 kHz DDC1 VCLK clock frequency 


During EEPROM programming a maximum write time 
of 20 ms must be observed 


11.1 Diode protection 


There is no diode connection between VCLK and Vpp, 
SCL and Vpp and SDA and Vpp (see Fig.14). This allows 


powering-down the device without affecting the I2C-bus 6. 8-byte maximum during page write must be observed 
operation or loading the VCLK driver. 7. During operation Vpp must be between 4.5 and 5.5 V 
8. Anoperating temperature between 0 and +70 °C must 


11.2 Functional compatibility with microchip 


iadmle cobuiuiieiaiiamra dak: 9. Output valid from VCLK (tyaa) typical 1 us must be 
The Philips PCB2421 is pin and function compatible with observed 
the 24CL21 providing the following measures are taken in 10 
the application. 


1. Pin 1 (TEST) must be tied to Vpp 


2. Pin 3 (WP) must be tied to Vpp. This inhibits the write 
protection function which does not exist on the 24CL21 
at this time 


be observed 


. DDC1 mode power-up time (typy) typical 5 us should 
be observed. 


Remark: VCLK is ‘don’t care’ in the DDC2B mode. 


PCB2421 


MBG284 


Fig.14 PCB2421 diode protection. 
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1 FEATURES used, and a separate microcontroller is required to control 
the devices. 


e DTMF, modem and musical tone generation 

Both the devices can interface to I2C-bus compatible 
microcontrollers for serial input. The PCD3311C can also 
interface directly to all standard microcontrollers, 
accepting a binary coded parallel input. 


With their on-chip voltage reference the PCD3311C and 


e Stabilized output voltage level 


e Low output distortion with on-chip filtering conforming to 
CEPT recommendations 


e Latched inputs for data bus applications 


¢ I?C-bus compatible PCD3312C provide constant output amplitudes which are 
e Selection of parallel or serial (I2@C-bus) data input independent of the operating supply voltage and ambient 

(PCD3311C). temperature. 

An on-chip filtering system assures a very low total 

2 GENERAL DESCRIPTION harmonic distortion in accordance with CEPT 
The PCD3311C and PCD3312C are single-chip silicon eo anes, 
gate CMOS integrated circuits. They are intended In addition to the standard DTMF frequencies the devices 
principally for use in telephone sets to provide the can also provide: 
dual-tone multi-frequency (DTMF) combinations required — « Twelve standard frequencies used in simplex modem 
for tone dialling systems. The various audio output applications for data rates from 300 to 1200 bits per 
frequencies are generated from an on-chip 3.58 MHz second 


quartz crystal-controlled oscillator. A separate crystal is 
e Two octaves of musical scales in steps of semitones. 


3 QUICK REFERENCE DATA 


Tamb operating ambient temperature 


PACKAGE 


Cxawe [SC SCPTION 
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5 BLOCK DIAGRAM 


OSCI OSCO 


HIGH 
GROUP 
DIVIDER 


i SWITCHED 
DIVIDER CAPACITOR 
SELECTION BANDGAP 
VOLTAGE 

REFERENCE SWITCHED RESISTOR » 

CAPACITOR CAPACITOR 


PCD3311C 


pee PCD3312C 


MGG543 


The un-parenthesised numbers are for the PCD3311CP, those in parenthesis for the PCD3312C._ 


Fig.1 Block diagram. 


6 PINNING INFORMATION 6.2 Pin description PCD3311CP 


osc [11 esata 


mode select input (selects 
l2C or parallel data input) 
parallel data input 

strobe input (for loading 
data in parallel mode) 
frequency output (DTMF, 
modem, musical tones) 


slave address input (to be 
connected to Vpp or Vss) 


parallel data input or 
l2C-bus clock line - 
parallel data input or 
l2C-bus data line 
parallel data inputs 


negative supply 
positive supply 


Fig.2 Pin configuration PCD3311CP. 
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6.3 Pinning PCD3311CT 6.4 Pin description PCD3311CT 


DESCRIPTION 
oscillator input 


mode select input (selects 
l°C or parallel data input) 


strobe input (for loading 
data in parallel mode) 


frequency output (DTMF, 
modem, musical tones) 


slave address input (to be 
connected to Vpp or Vss) 


lI2C-bus clock line 
l2C-bus data line 


negative supply 
positive supply 


TYPE DESCRIPTION 
po 


MGG509 


Fig.3 Pin configuration PCD3311CT. 


6.5 Pinning PCD3312C 


Pp [negative supply 
P [positive supply 
1 oseiatorinput 
0 |oseitator ouput 
ae 
me 


frequency output (DTMF, 
modem, musical tones) 


slave address input (to be 
connected to Vpp or Vss) 


I2C-bus clock line 


I?C-bus data line 


MGG510 


Fig.4 Pin configuration PCD3312C. 
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7 FUNCTIONAL DESCRIPTION 
7.1. General (see Fig.1) 


The Input Control Logic decodes the input data to 
determine whether DTMF, modem or musical tones are 
selected; and which particular tone or combination of 
tones is required. 


A code representing the required tones is sent to the 
Divider Selection ROM which selects the correct division 
ratio in both of the Frequency Dividers (or in one divider, if 
only a single tone is required). 


The Oscillator circuit provides a square wave of frequency 
3.58 MHz. Each Frequency Divider divides the frequency 
of the Oscillator to give a serial digital square wave with a 
frequency simply related to that of the required tone. 


The output from each Frequency Divider goes to a DAC, 
which is also fed by a clock derived from the oscillator. 
Using these two signals, the DAC produces an 
approximate sine wave of the required frequency, with an 
amplitude derived from the Voltage Reference. 


The output from the DAC goes to an Adder where, for 
DTMF, it is combined with the output from the other DAC. 


The output from the Adder goes through two stages of Low 
Pass Filters to give a smoothed tone (single or dual), and 
finally to the TONE output. 


7.2 Clock/oscillator connection 


The timebase for the PCD3311C and PCD3312C is a 
crystal-controlled oscillator, requiring a 3.58 MHz quartz 
crystal to be connected between OSCI and OSCO. 
Alternatively, the OSCI input can be driven from an 
external clock of 3.58 MHz. 


7.3. Mode selection (PCD3311C) 


The MODE input selects the data input mode for the 
PCD3311C. When MODE is connected to Vpp (HIGH), 
data can be received in the parallel mode. When 
connected to Vgs (LOW) or left open, data can be received 
via the serial |@C-bus. 


PCD 3312C has no MODE input as data input is via the 
l2C-bus only. 


1996 Nov 21 


7.4 Data inputs (PCD3311C) 


Inputs DO, D1, D2, D3, D4 and D5 are used in the parallel 
data input mode of the PCD3311C. Inputs DO and D1 are 
also used in serial input mode when they act as the SCL | 
and SDA inputs respectively. Inputs DO and D1 have no 
internal pull-down or pull-up resistors and must not be left 
open in any application. Inputs D2, D3, D4 and D5 have 
internal pull-down. 


D4 and D5 are used to select between DTMF dual, DTMF 
single, modem and musical tones (see Table 1). DO, D1, 
D2 and D3 select the tone combination or single tone 
within the selected application. They also, in combination 
with D4, select the standby mode. See Tables 2, 3, 4 
and 5. 


PCD 3312C has no parallel data pins as data input is via 
the I2C-bus. 


Table 1 Use of D5 and D4 to select application 


D5 | D4 APPLICATION 
OW | LOW | DTMF single tones; musical tones; 
standby 


HIGH | DTMF dual tones (all 16 combinations) 


an 


7.5 Strobe input (PCD3311C ) 


The STROBE input (with internal pull-down) allows the 
loading of parallel data into DO to D5 when MODE is HIGH. 


The data inputs must be stable preceding the 
positive-going edge of the strobe pulse (active HIGH). 
Input data are loaded at the negative-going edge of the 
strobe pulse and then the corresponding tone (or standby 
mode) is provided at the TONE output. The output remains 
unchanged until the negative-going edge of the next 
STROBE pulse (for new data) is received. Figure 5 is an 
example of the timing relationship between STROBE and 
the data inputs. 


When MODE is LOW, data is received serially via the 
l2C-bus. 
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“>| tspw 
sone 90% 
ROBE 10% 


—| =< toH 
‘ps —> + 


0 YYyye wD |Z. 
UAL. 
“U, Ys 


‘YA 
LiL 


oscillator OFF 


MGG511 


PCD3311C; PCD3312C 


NNN NNN 


hi 


oscillator ON 
output tones 


oscillator ON 
no output tone 


Timing of STROBE, parallel data inputs and TONE output (770 Hz + 1477 Hz in example) in the parallel 


mode (MODE = HIGH). 


7.6 1#C-bus clock and data inputs 


SCL and SDA are the serial clock and serial data inputs 
according to the I?C-bus specification, see Chapter 8. 
SCL and SDA must be pulled up externally to Vpp. 


For the PCD3311C, SCL and SDA are combined with 
parallel inputs DO and D1 respectively - DO/SCL and 
D1/SDA operate serially only when MODE is LOW. 


7.7 Address input 


Address input AO defines the least significant bit of the 
?C-bus address of the device (see Fig.6). The first 6 bits 
of the address are fixed internally. By tying the AO of each 
device to Vpp (HIGH) and Vss (LOW) respectively, two 
different PCD3311C or PCD3312C devices can be 
individually addressed on the bus. 


Whether one or two devices are used, AO must be 
connected to Vpp or Vgs. 
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7.8 12C-bus data configuration (see Fig.6) 


The PCD3311C and PCD3312C are always slave 
receivers in the I2C-bus configuration. The R/W bit in is 
thus always LOW, indicating that the master 
(microcontroller) is writing. 


The slave address in the serial mode consists of 7 bits: 6 
bits internally fixed, 1 externally set via AO. in the serial 
mode, the same input data codes are used as in the 
parallel mode. See Tables 2, 3, 4 and 5. 


7.9 Tone output 


The single and dual tones provided at the TONE output are 
first filtered by an on-chip switched-capacitor filter, 
followed by an active RC low-pass filter. The filtered tones 
fulfil the CEPT recommendations for total harmonic 
distortion of DIMF tones. An on-chip reference voltage 
provides output tone levels independent of the supply 
voltage. Tables 3, 4 and 5 give the frequency deviation of 
the output tones with respect to the standard DTMF, 
modem and music frequencies. 
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acknowledge acknowledge 
from slave from slave 


MSB R/W | 


ps]o 1 0 0 4 0 A Of A|X Xx D5 D4 D3 D2 DI Do] Al P| 


slave address data 
internal STROBE 
for data latching 


Fig.6 |?C-bus data format. 


7.10 Power-on reset 

In order to avoid an undefined state when the power is switched ON, the devices have an internal reset circuit which sets 
the standby mode (oscillator OFF). 

7.11 TABLES OF INPUT AND OUTPUT 

The specified output tones are obtained when a 3.579545 MHz crystal is used. 

In each table, the logical states for the input data lines are related to voltage levels as follows: 

1 = HIGH = Vpp 

0=LOW=Vsg 


X = don’t care 


Table 2. Input data for no output tone, TONE in 3-state 


Note a | 
1. The alternative HEX values depend on the value of D5. 
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STANDARD Sion FREQUENCY 
HEX | sYMBoL| FREQUENCY | “10 '0'' | DEVIATION 


Table 3 Input data and output for DTMF tones 


+ 


+0.13 | +0.90 


ee 
ae oe 
a 
a ae 
| oc | - | 1209 |1206.45 | -0.21 | -2.55 
iad 
bateeal 


1 : 
1 
1 


0.42 | +5.66 


0 


| 
, 
| 
1 | 1 

aa 
—< 


1 
1 


1 
1 


E 
F 
10 
14 
12 
3 
4 
15 
16 


0 
1 
1 
i oe 
1 Lee 


1 


ie [8 | asav1396 
ae [9 | asaeta77 
ef 8 | 701605 
wp | > 


3 
3 


1 
1 
1 


ee Se Se ee ee ee eee Sd ee ee Se ee Cd ree Ce eee Ge eee 


1 
1 


1 


Table 4 Input data and output for modem tones 


stanparp | TONE | eRequency 

Wz | oe | % | te 
p14 fo | o | t+ {| o | o |] 24 | 1300 [1296.94 | -0.24 | -3.06 | 
Pat} io [of a1 fo {1 | 2 | 2t00 [2103.14 | +0.15 | +3.14 | 
pt) oe Oo) ae 1200 ter.te | 024) 283 | a 
et ce oO ile eon, ee ee hem see. ee : 
1 | o} t+} o | o | of 28 | 980 {978.82 
ptf} of if of o [| 1 | 29 | 1180 | 1179.03 | -0.08 | -0.97 | | 


1996 Nov 21 161 


Philips Semiconductors | - roduct. specification 


DTMF/modem/musical-tone generators ~PCD3311C; PCD3312C 


TONE | 
STANDARD | (ou, | FREQUENCY 


FREQUENCY FREQ. DEVIATION 


pe | oe | | He 
31 | +3.33 | 


TELECOM. 
STANDARD 


1070 | 1073.33 $3.33 | 403 
1650 | 1655.66 | +0.34 | +5.66 
| 1650 | #0.34 | 45.66 | 
1850 | 1852.77 
2025 | 2021.20 | -0.19 | -3.80 
| 2025 Sc ea are 
2225 | 2223.32 


Pere] 
re 
eee] & 
sialefelals 
TM)OLO; WB] > 


Table 5 Input/output for musical tones 


STD. FREQ. TONE 
BASED ON OUTPUT 
D4 HEX NOTE A4=440Hz | FREQUENCY 
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8 |?C-BUS INTERFACE 


The I?C-bus is for two-way communication between different ICs or modules. It uses only two lines, a serial data line 
(SDA) and a serial clock line (SCL), both of which are bi-directional. Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated only when the bus 
is not busy. 


8.1 Bit transfer (see Fig.7) 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period 
of the clock pulse as changes in the data line at this time will be interpreted as control signals. 


coe fT XN 


data line | change | 
stable; | of data | 
data valid | allowed | MBC621 


Fig.7 Bit transfer. 


8.2 Start and stop conditions (see Fig.8) 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is 
defined as the stop condition (P). 


[oy an 


co — 


START condition STOP condition 


MBC622 


Fig.8 Start and stop conditions. 
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8.3. System configuration (see Fig.9) 


A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that eentes 
message transfer is the ‘master’ and the devices that are controlled by the master are the ‘slaves’. 


SLAVE | MASTER 
TRANSMITTER / Roan TRANSMITTER / on hiya TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


MBA605 


Fig.9 System configuration. 


8.4 Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to receiver is not limited. 
Each byte of eight bits is followed by one acknowledge bit. The acknowledge bit is a HIGH level put on the bus by the 
transmitter whereas the master generates an extra acknowledge after the reception of each byte. Also a master must 
generate an acknowledge after reception of each byte that has been clocked out of the slave transmitter. The device that 
acknowledges has to pull down the SDA line during the acknowledge-related clock pulse. Set-up and hold times must 
be taken into account to ensure that the SDA line is stable LOW during the whole HIGH period of the 
acknowledge-related clock pulse. A master receiver must signal an end of data to the transmitter by not generating an 
acknowledge on the last byte that has been clocked out of the slave. In this event the transmitter must leave the data 
line HIGH to enable the master to generate the stop condition. 


DATA OUTPUT 
BY TRANSMITTER 


not acknowledge 


DATA OUTPUT 
BY RECEIVER 


acknowledge 


SCL FROM i ‘ 
MASTER ne. 
ae 
START 
CONDITION MBoe0e 


clock pulse for 
acknowledgement 


Fig.10 Acknowledgment on the I?C-bus. 
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8.5 Timing specifications 


The PCD3311C and PCD3312C accept data input from a microcontroller and are ‘slave receivers’ when operating via 
the I?C-bus. They support the ‘standard’ and ‘low-speed’ modes of the I2C-bus, but not the ‘fast’ mode detailed in “The 
C-bus and how to use it” document order no. 9398 393 40011. The timing requirements for the devices are described 
in Sections 8.5.1 and 8.5.2. 


8.5.1 STANDARD MODE 


Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig.11, where the two 
signal levels are LOW = Vi, and HIGH = Vip, see Chapter 11. Figure 12 shows a complete data transfer in standard 
mode. The time symbols are explained in Table 6. 


—_ 


ey eet THIGH Ce 
tHD:DAT edt 
'su;DAT 


>! tHD:STA —~! |< t, 


+>! tSU:STA + 


Standard mode timing. 
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= Sede =e: xe reer J 
a i ee ee 


epee) ee Laan eer een (f) (ea eRe 5 RSENS ED) Skee ee ee Nan 5 eer, ener | ee ee ee 


START ADDRESS R/W_ ACK ACK START ADDRESS R/W_ ACK 
CONDITION CONDITION 


MBC765 


Clock LOW minimum = 4.7 ws; clock HIGH minimum = 4 us. 

The dashed line is the acknowledgment of the receiver. 

Mark-to-space ratio = 1: 1 (LOW-to-HIGH). 

Maximum number of bytes is unrestricted. 

Premature termination of transfer is allowed by generation of STOP condition. 
Acknowledge clock bit must be provided by master. 


Fig.12 Complete data transfer in standard mode. 


Table 6 Explanation of time symbols used in Fig. 11 


SYMBOL PARAMETER REMARKS. 


The time that the bus is free (SDA is HIGH) 
before a new transmission is initiated by SDA 
going LOW. 


set-up time repeated START | Only valid for repeated start code 


hold time START condition The time between SDA going LOW and the first | 4.0 
valid negative-going transition of SCL. 


EN IN IN 
N N N 


The LOW period of the SCL clock 
The HIGH period of the SCL clock. : 


aa ln 
aT OY 
CO 
fo 
CO 


8.5.2 LOW-SPEED MODE 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us and a minimum 
HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed timing is shown in Fig.13, where the two 
signal levels are LOW = Vi, and HIGH = Vj, see Chapter 11. Figure 14 shows a complete data transfer in low-speed 
mode. The time symbols are explained in Table 7. 
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tup:sta *— te =! tH IH “— tsu-DAT 


—p| so | =a — 


tHD:DAT 


> —~—_-——. 
tsu:STO 
MGG545 


Fig.13 Low-speed mode timing. 


2 ree een eels st Sa 


es) 


START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
CONDITION ACKNOWLEDGE = START CONDITION 


CONDITION ahs 


Clock LOW minimum = 130 us +25 us; clock HIGH minimum 390 us +25 us. 
Mark-to-space ratio = 1 : 3 (LOW-to-HIGH). 

Start byte 0000 0001. 

Maximum number of bytes = 6. 

Premature termination of transfer not allowed. 

Acknowledge clock bit must be provided by master. 


Fig.14 Complete data transfer in low speed mode. 


1996 Nov 21 167 


Philips Semiconductors Product specification 


DTMF/modem/musical-tone generators PCD3311C; PCD3312C 


Table 7 Explanation of time symbols used in Fig.13 


teuc bus free time The time that the bus is free (SDA is 105 Us 
| HIGH) before a new transmission is | 
initiated by SDA going LOW. 


set-up time repeated START Only valid for repeated start code. | 


| hold time START condition The time between SDA going LOW and 


the first valid negative-going transition of 
r 
f 


SCLLOW tine 
x |fisetime SDAandSCLCdT 
fu [falitime SOA angScL SiS 

| SS 


data hold time 
set-up time STOP condition 


9 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, it is good practice to take 
normal precautions appropriate to handling MOS devices (see “Handbook IC03, Section: General, Handling MOS 
devices’). : 
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10 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
Vpp supply voltage 
Vi jallinputvoltages 


all input voltages 


power dissipation per output 


supply current through pin Vpp 
supply current through pin Vss 


stg storage temperature 


+ 


i iiittiili 
D S 


amb operating ambient temperature 


11 CHARACTERISTICS 
Vpp = 2.5 to 6.0 V; Vss = 0 V; Tamb = —25 to +70 °C; all voltages with respect to Vss;} fa; = 3.58 MHZ (gmt); 
maximum series resistance = 50 Q; unless otherwise specified. 


SYMBOL PARAMETER 
Vop operating supply voltage 2.5 


operating supply current (note 1) 
no output tone 
single output tone 


dual output tone 


Istb static standby current (note 2) 
Inputs/outputs (SDA) 
DO To D5; MODE; STROBE 


Vit LOW level input voltage 
Vin 


D2 TO D5 MODE; STROBE; AO 
ie pull-down input current; Vi= Vib: 
SCL (DO); SDA (D1) 
LOW level output current (SDA); Vo, = 0.4 V 


SCL clock frequency 
input capacitance; V; = Vss 
allowable input spike pulse width 
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rswweou | —~SCPanawereR «sw P| WAX | UN 


TONE output (see test circuit, Fig.15) 


voltage gain (pre-emphasis) of group 


Total Harmonic Distortion; Tamp = 25 °C 


dual tone (note 3) 


modem tone (note 4) 


Voscp) [maximum allowable amplitude at O50 a 7 


Timing (Vpp = 3 V) 


foscion) 


Notes 


1. Oscillator ON; Vpp = 3 V; crystal connected between OSCI and OSCO; DO/SCL and D1/SDA connected via 
resistance of 5.6 kKQ to Vpp; all other pins left open. 


As note 1, but with oscillator OFF. 
Related to the level of the LOW group frequency component, according to CEPT recommendations. 


Related to the level of the fundamental frequency. 
Oscillator must be running. 


Oy .OY Ge: IS 


Values are referenced to the 10% and 90% levels of the relevant pulse amplitudes, with a total voltage swing from 
Vss to Vpp. 


Vpp 
TONE 
PCD3311C 
PCD3312C 


Vss 


MGG513 


Fig.15 TONE output test circuit. 
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MGG514 


Fig.17 Operating supply current as a function of 
Fig.16 Standby supply current as a function of supply voltage; oscillator ON, no output at 
supply voltage; oscillator OFF. TONE. 


MGG516 MGG517 


6 Vpp (v) 8 


Fig.18 Operating supply current as a function of 
supply voltage; oscillator ON, dual tone at 
TONE. 


Fig.19 Pull-down input current as a function of 
input voltage; Vpp = 3 V. 
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MGG518 


+70 °C 


Fig.20 DTMF output voitage levels as a function of 
operating supply voltage; Ry = 1 MQ. 


0 
level 


ees 


PCD3311C; PCD3312C 


MGG519 


Fig.21 Dual tone output voltage level as a function 
of output load resistance. 


MGG520 


Bier: 


(ee ae ea 


i 
7 LY Cy y ne oa ttt alt at 
ool 4 WV vy wy 


AVY, 


A frequency (kHz) = 


MGG521 


40 frequency (KHz) aa 


Fig.22 Typical frequency spectrum of a dual tone signal after flat-band amplification of 6 dB. 
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12 APPLICATION INFORMATION 


GENERAL mute 


PURPOSE 
MICROCONTROLLER 
(4 or 8-BIT) 


OSCI OSCO STROBE 
DO 


| PCD3311C TONE 
D5 


MODE Vpp_ Vss 


MBH669 


Fig.23 PCD3311C driven by microcontroller with parallel data bus. 


TELEPHONY 
MICROCONTROLLER 
PCF84C21A 


OSCI OSCO 


MGG544 


Fig.24 PCD3312C driven by microcontroller PCF84C21A. The PCF84C21A is a single-chip 8-bit microcontroller 
with 2 kbytes ROM and I?C-bus. The same application is possible with the PCD3311C with MODE = Vszs. 
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5 BLOCK DIAGRAM 
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7 PIN FUNCTIONS 

8 FUNCTIONAL DESCRIPTION 
8.1 LCD supply voltage generator 
8.2 Programming ranges 

8.3 LCD bias voltage generator 

8.4 Oscillator 

8.5 External clock 

8.6 Power-on reset 

8.7 Power-down mode 

8.8 Registers 

8.9 Busy Flag 

8.10 Address Counter (AC) 

8.11 Display Data RAM (DDRAM) 
8.12 Character Generator ROM (CGROM) 
8.13 Character Generator RAM (CGRAM) 
8.14 Cursor control circuit 

8.15 Timing generator 

8.16 LCD row and column drivers 
8.17 Reset function 

9 INSTRUCTIONS 

9.1 Clear display 

9.2 Return home 

9.3 Entry mode set 

9.3.1 I/D 

9.3.2 S 

9.4 Display control (and partial power-down mode) 
9.4.1 D 

9.4.2 C 

9.4.3 B 

9.5 Cursor/display shift 

9.6 Function set 

9.6.1 DL (parallel mode only) 

9.6.2 M 

9.6.3 H 

9.7 Set CGRAM address 

9.8 Set DDRAM address 

9.9 Read busy flag and address 

9.10 Write data to CGRAM or DDRAM 
9.11 Read data from CGRAM or DDRAM 
10 EXTENDED FUNCTION SET 


INSTRUCTIONS AND FEATURES 


1997 Apr 02 


174 


Product specification 


PCF2113x 


New instructions 

Icon control 

IM 

IB 

Normal/Icon mode operation 
Screen configuration 

Display configuration 

TC1, TC2 

Set Vicp 

Reducing current consumption 


INTERFACE TO MICROCONTROLLER 
(PARALLEL INTERFACE) 


INTERFACE TO MICROCONTROLLER 
(l2@C-BUS INTERFACE) 


Characteristics of the I@C-bus 
l2C-bus protocol 
Definitions 


LIMITING VALUES 

HANDLING 

DC CHARACTERISTICS 

AC CHARACTERISTICS 
TIMING CHARACTERISTICS 
APPLICATION INFORMATION 
8-bit operation, 1-line display using internal 
reset 

4-bit operation, 1-line display using internal 
reset 

8-bit operation, 2-line display 

l2C operation, 1-line display 
BONDING PAD LOCATIONS 
PACKAGE OUTLINE 
SOLDERING 

Introduction 

Reflow soldering 

Wave soldering 

Repairing soldered joints 
DEFINITIONS 

LIFE SUPPORT APPLICATIONS 
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1 FEATURES 
Single-chip LCD controller/driver 


2-line display of up to 12 characters + 120 icons, 
or 1-line display of up to 24 characters + 120 icons 


e 5x7 character format plus cursor; 5 x 8 for kana 
(Japanese syllabary) and user defined symbols 


e Icon mode: reduced current consumption while 
displaying icons only’) 


Icon blink function 


e On-chip: 


— generation of LCD supply voltage, programmable by 
instruction (external supply also possible) 


~ temperature compensation of on-chip generated 
Vicp: —8 to -12 mV/K at 5.0 V 
(programmable by instruction) 


— generation of intermediate LCD bias voltages 


— oscillator requires no external components 
(external clock also possible) 


Display data RAM: 80 characters 
e Character generator ROM: 240, 5 x 8 characters 


Character generator RAM: 16, 5 x 8 characters; 
3 characters used to drive 120 icons, 6 characters used 
if icon-blink feature is used in application 


e 4 or 8-bit parallel bus and 2-wire |?C-bus interface 
CMOS compatible 
e 18 row, 60 column outputs 


(1) Icon mode is used to save current. When only icons 


are displayed, a much lower operating voltage Vicp 
can be used and the switching frequency of the LCD 
outputs is reduced. In most applications it is possible 
to use Vpp as Vicp. Never use the voltage generator 
in icon mode. 


4 ORDERING INFORMATION 


TYPE NUMBER 


PCF2113DU/10/F2 
PCF2113DU/F2 


PCF2113DH/F2 
14x 14x 1.4mm 


PCF2113EU/2/F2 | 
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LQFP100 | plastic low profile quad flat package; 100 leads; body 


chip with bumps in tray 


e MUX rates 1 : 18 (for normal operation) and 1 : 2 
(for icon-only mode) 


e Uses common 11 code instruction set (extended) 


e Logic supply voltage range, Vpp — Vss = 1.8 to 4.0 V 
(up to 5.5 V if external Vicp is used); chip may be driven 
with two battery cells 

e Display supply voltage range, 

Vicp — Vss = 2.2 to 6.5 V 


e Very low current consumption (20 to 200 pA): 
— icon mode: <25 vA 
— power-down mode: <2.5 LA. 


2 APPLICATIONS 


e Telecom equipment 
e Portable instruments 
e Point-of-sale terminals. 


3 GENERAL DESCRIPTION 


The PCF2113x is a low power CMOS LCD controller and 
driver, designed to drive a dot matrix LCD display of 2 line 
by 12 and 1 line by 24 characters with 5 x 8 dot format. 
All necessary functions for the display are provided in a 
single chip, including on-chip generation of LCD bias 
voltages, resulting in a minimum of external components 
and lower system current consumption. The PCF2113x 
interfaces to most microcontrollers via a 4 or 8-bit bus or 
via the 2-wire I@C-bus. The chip contains a character 
generator and displays alphanumeric and kana 
(Japanese) characters. Three character sets (A, D and E) 
are currently available (see Figs 7, 8 and 9). Various other 
character sets can be manufactured on request. 


eee 
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5 BLOCK DIAGRAM 


C1 to C60 


18 to 77 


60 
COLUMN DRIVERS 
60 


BIAS 
VLCD1 VOLTAGE 
GENERATOR 
DATA LATCHES 
7 VLCD _ 
LOD2 GENERATOR SHIFT REGISTER 5 x 12 BIT 
CURSOR AND DATA CONTROL 
Vpp1, 2 CHARACTER CHARACTER 
GENERATOR GENERATOR 
RAM (128 x5) ROM 
(CGRAM) (CGROM) 
240 CHARACTERS 
Vssi, 2 


T1 


80 CHARACTERS/BYTES 

7 
ADDRESS COUNTER 

(AC) 
7 

INSTRUCTION 

DECODER 

8 


INSTRUCTION 
REGISTER 


DATA 
REGISTER 
(DR) 


/(O BUFFER 


e6o9e ¢e2t095 feo tor too a7 


DBO to DB3/SA0 DB4toDB7 E pw RS. SCL. SDA 


Fig.1 Block diagram. 
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R1 to R18 


ROW DRIVERS 


18 


SHIFT REGISTER 18-BIT 


OSCILLATOR OSC 


TIMING 
GENERATOR 


16 CHARACTERS 
- DISPLAY DATA RAM a 
(DDRAM) PD 


DISPLAY 
ADDRESS 
COUNTER 


PCF2113x 


POWER-ON 
RESET 
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6 PINNING 


ground for all except high voltage generator 


ground for high voltage generator 
Vicp output; note 1 

Vicp input; note 2 

LCD row driver outputs 9 to 16 
LCD row driver output 18 

LCD column driver outputs 60 to 1 


1 bit of 8-bit bidirectional data bus 
1 bit of 8-bit bidirectional data bus 
1 bit of 8-bit bidirectional data bus 


Notes 


1. This is the Vicp output pin, if Vicp is generated internally and has to be connected to Vico: If Vicpi is generated 
externally, Vicp2 has to be left open or connected to ground. 


2. This is the voltage used for the generation of LCD bias levels. 
This is the supply for the high voltage generator. If Vicp is generated externally, connect Vppe2 to Vss.- 
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NS <u 
aa) a) Qa Oo 
Q cwuwn wn 
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| | 00] }00 


PCF2113x 


C52 | 26 | 
C51 | 27 | 
C50 | 28 | 
C49 | 29 | 
C48 [ 30 | 
C47 [31 | 
C46 [ 32 | 
C45 [33 | 
C44 [34 
C43 [35] 
C42 [36 | 
041 [37] 
C40 [38 | 
c39 [39 | 
cas [40 | 
C37 [41 | 
c36 | 42 | 
C35 [43 | 
C34 [| 44 | 
C33 [45 | 
C32 | 46 | 
C31 [ 47. 
C30 [48 | 
C29 | 49 | 
C28 | 50 | 


MGE989 


Fig.2 Pin configuration (LQFP100). 
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FUNCTION | DESCRIPTION 


register select RS selects the register to be accessed for read and write when the device is 
controlled by the parallel interface. There is an internal pull-up on this pin. 


me) 
ep) 


m 
@) 


RS = logic 0 selects the instruction register for write and the Busy Flag and Address 
Counter for read. 


RS = logic 1 selects the data register for both read and write. 
R/W selects either the read (R/W = logic 1) or write (R/W = logic 0) operation when 


R/W read/write 


the device is controlled by the parallel interface. There is an internal pull-up on this 
pin. 

The E pin is set HIGH to signal the start of a read or write operation when the device 
is controlled by the parallel interface. Data is clocked in or out of the chip on the 
negative edge of the clock. Note that this pin must be tied to logic 0 (Vss) when 
I2?C-bus control is used. 


The parallel interface of the device. This bi-directional, 3-state data bus transfers 
data between the system controller and the PCF2113x. There is an internal pull-up 
on each of the data lines. 


DB7 to DBO must be connected to Vpp or left open circuit when I?C-bus control is 
used. Note that DB3 shares the same pin as SAO. 


In 4-bit operations only DB7 to DB4 are used, and DB3 to DBO must be left open 
circuit. See note 1. 


data bus clock 
DB7 may be used as the Busy Flag, signalling that internal operations are not yet 


DB7 to DBO | data bus 
completed. 


CitoC60 | column driver These pins output the data for columns. 
outputs | 
R1toR18 | row driver These pins output the row select waveforms to the display. 
outputs R17 and R18 drive the icons. 
Vicb LCD power Positive power supply for the liquid crystal display. This may be generated on-chip or 
supply supplied externally. 
OS oscillator When the on-chip oscillator is used this pin must be connected to Vpp. 
An external clock signal, if used, is input at this pin. 
serial clock line | Input for the I2C-bus clock signal. 
SCL must be connected to Vss or Vpp when the parallel interface is used. 
SDA serial data line _| I/O for the I@?C-bus data line. 
| SDA must be connected to Vgg or Vpp when the parallel interface is used. 


SAO address pin The hardware sub-address line is used to program the device sub-address for two 
different PCF2113xs on the same I?C bus. Note that SAO shares the same pin as 


ep) 
.?) 
os 


DBS. 


T1 test pad T1 must be connected to Vgss and is not user accessible 


power-down pad | PD selects chip power-down mode. For normal operation PD = logic 0. 


Note 


If the 4-bit interface is used without reading out from the PCF2113x (i.e. R/W is set permanently to logic 0), the 
unused ports DBO to DB3 can either be set to Vss or Vpp instead of leaving them open. 


—h 
. 
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8 FUNCTIONAL DESCRIPTION (see Fig.1) 
8.1 LCD supply voltage generator 


The LCD supply voltage may be generated on-chip. 

The voltage generator is controlled by two internal 6-bit. 
registers, Va and Vg. The nominal LCD operating voltage 
at room temperature is given by the relationships: 


VoP(nom) = [(integer value of register) x 0.08 + 1.9] V 


8.2 Programming ranges (Tret = 27 °C) 


Programmed value range: 1 to 63. 
Voltage range: 1.90 to 6.84 V. 


Values producing more than 6.5 V at operating 
temperature are not allowed. Operation above this 
voltage may damage the device. When programming the 
operating voltage the Vicp temperature coefficient must 
be taken into account. 


Values below 2.2 V are below the specified operating 
range of the chip and are therefore not allowed. 


Value O for Va and Vg switches the generator off. 


Usually register Va is programmed with the voltage for 
character mode and register Vp with the voltage for icon 
mode. Vg must be programmed to FF in character mode 
and Va must be programmed to 00 in icon mode. 


When Vicp is generated on-chip the Vicp pins should be 
decoupled to Vss with a suitable capacitor. The generated 
Vicp is independent of Vpp and is temperature 
compensated. When the generator is switched off an 
external voltage may be supplied at connected pins 
Vicp1,2: Vicp1,2 May be higher or lower than Vpp if 
external Vi cp is used. If internally generated it must not 
be lower than Vpp and Vp) <4V. 

8.3. LCD bias voltage generator 

The intermediate bias voltages for the LCD display are 
also generated on-chip. This removes the need for an 
external resistive bias chain and significantly reduces the 
system current consumption. The optimum value of Vicp 
depends on the multiplex rate, the LCD threshold voltage 
(Vin) and the number of bias levels and is given by the 
relationships given in Tables 1 and 2. Using a 5-level bias 
scheme for 1 : 18 maximum rate allows Vicp < 5 V for 
most LCD liquids. 


Table 1 Optimum/maximum values for Vop (off pixels start darkening; Vo = Vin) 


MUX RATE NUMBER OF LEVELS Vop (typical; for Vin = 1.4 V) 


Table 2) Minimum values for Vop (on pixels clearly visible; Vo, > Vin) : 


1:18 


: , 


8.4 Oscillator 


The on-chip oscillator provides the clock signal for the 
display system. No external components are required and 
the OSC pin must be connected to Vpp. 


8.5 External clock 


If an external clock is to be used this is input at the OSC 
pin. The resulting display frame frequency is given by 


fosc 
3072 


lie = 
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a OS OVS 


Vop (typical; for Vi, = 1.4 V) 
3.2 
Only in the power-down state is the clock allowed to be 


stopped (OSC connected to V;,), otherwise the LCD is 
frozen in a DC state. 


8.6 Power-on reset 


The on-chip power-on reset block initializes the chip after 
power-on or power failure. This is a synchronous reset and 
requires 3 OSC cycles to be executed. 
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8.7 Power-down mode 


The chip can be put into power-down mode where all static 
currents are switched off (no internal oscillator, no bias 
level generation, all LCD-outputs are internally connected 
to Vss) when PD = logic 1. 


During power-down, the whole chip is reset and will restart 
with a clear display after power-down. Therefore, the 
whole chip has to be initialized after a power-down as after 
initial power- up. 


The device should be put into ‘display off’ mode 
(instruction ‘Display control’) before putting the chip in 
power-down mode, otherwise the LCD output voltages are 
not defined. 


8.8 Registers 


The PCF2113x has two 8-bit registers, an Instruction 
Register (IR) and a Data Register (DR). The Register 
Select signal (RS) determines which register will be 
accessed. The instruction register stores instruction codes 
such as ‘Display clear and ‘Cursor shift’, and address 
information for the Display Data RAM (DDRAM) and 
Character Generator RAM (CGRAM). The instruction 
register can be written from but not read by the system 
controller. The data register temporarily stores data to be 
read from the DDRAM and CGRAM. When reading, data 
from the DDRAM or CGRAM corresponding to the address 
in the instruction register is written to the data register prior 
to being read by the ‘Read data’ instruction. 


8.9 Busy Flag 


The Busy Flag indicates the free/busy status of the 
PCF2113x. Logic 1 indicates that the chip is busy and 
further instructions will not be accepted. The Busy Flag is 
output to pin DB7 when RS = logic 0 and R/W = logic 1. 
Instructions should only be written after checking that the 
Busy Flag is logic 0 or waiting for the required number of 
cycles. 


8.10 Address Counter (AC) 


The Address Counter assigns addresses to the DDRAM 
and CGRAM for reading and writing and is set by the 
instructions ‘Set CGRAM address’ and 

‘Set DDRAM address’. After a read/write operation the 
Address Counter is automatically incremented or 
decremented by 1. The Address Counter contents are 
output to the bus (DB6 to DBO) when RS = logic 0 and 
R/W = logic 1. 
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8.11 Display Data RAM (DDRAM) 


The DDRAM stores up to 80 characters of display data 
represented by 8-bit character codes. RAM locations 
which are not used for storing display data can be used as 
general purpose RAM. The basic DDRAM-to-display 
mapping is shown in Fig.3. With no display shift the 
characters represented by the codes in the first 24 RAM 
locations starting at address 00 in line 1 are displayed. 
Figures 4 and 5 show the display mapping for right and left 
shift respectively. 


When data is written to or read from the DDRAM 
wrap-around occurs from the end of one line to the start of 
the next line. When the display is shifted each line wraps 
around within itself, independently of the others. Thus all 
lines are shifted and wrapped around together. 

The address ranges and wrap- around operations for the 
various modes are shown in Table 3. 


Table 3. Address space and wrap-around operation 


P wove faze | axe 
00 to 4F | 00 to 27; 40 to 67 


read/write wrap-around | 4F to 00 | 27 to 40; 67 to 00 
(moves to next line) 

display shift wrap-around | 4F to 00 | 27 to 00; 67 to 40 
(stays within line) | 


8.12 Character Generator ROM (CGROM) 


The Character Generator ROM (CGROM) generates 
240 character patterns in 5 x 8 dot format from 8-bit 
character codes. Figures 7, 8 and 9 show the character 
sets that are currently implemented. 


8.13 Character Generator RAM (CGRAM) 


Up to 16 user defined characters may be stored in the 
Character Generator RAM (CGRAM). Some CGRAM 
characters (see Fig.17) are also used to drive icons (6 if 
icons blink and both icon rows are used in application; 3 if 
no blink but both icon rows are used in application; 0 if no 
icons are driven by the icon rows). The CGROM and 
CGRAM use a common address space, of which the first 
column is reserved for the CGRAM (see Fig.7). Figure 10 
shows the addressing principle for the CGRAM. 
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8.14 Cursor control circuit 8.16 LCD row and column drivers 
The cursor control circuit generates the cursor (underline §= The PCF2113x contains 18 row and 60 column drivers, 
and/or cursor blink as shown in Fig.6) at the DDRAM » which connect the appropriate LCD bias voltages in 
address contained in the Address Counter. When the sequence to the display in accordance with the data to be 


Address Counter contains the CGRAM address the cursor _ displayed. R17 and R18 drive the icon rows. 


will be inhibited. The bias voltages and the timing are selected 


automatically when the number of lines in the display is 
selected. Figures 11, 12 and 13 show typical waveforms. 
The timing generator produces the various signals Unused outputs should be left unconnected. 

required to drive the internal circuitry. Internal chip 

operation is not disturbed by operations on the data buses. 


8.15 Timing generator 


display 
position 1 2 3 4 5 22 23 24! 


pone [ole felo fo] -——— [x] |r] fo] eco 
address —k 


non-displayed DDRAM addresses 
a al 


1-line display 


a DDRAM address 
123 4 5 10 11 12| ime 


PPP [=== bere ==== FEE 
DDRAM re ee ae 
address 1 2 3 4 5 ee 
elle se === ole === A 


2-line display MGE991 


Fig.38 DDRAM-to-display mapping: no shift. 


display 
position 23 4 5 22 23 24 


conan [eel [efe] === [lof 


address 
1-line display 


23 4 5 10 11 12 


elellelo[———= els ne 


3.4 5 10 11 12 


MGE992 


DDRAM 
-address 


2-line display 


Fig.4 DDRAM-to-display mapping: right shift. 
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display 
position 23 4 5 22 23 24 
oman (Le lf=[===— felel 
address 
1-line display 
1 10 11 12 
Ple(sle[——— eles 
DDRAM . 
address 1 2 5 10 11 i 
2-line display MGE993 


Fig.5 DDRAM-to-display mapping: left shift. 


be perl clea BS at 


cursor MGA801 


5 x 7 dot character font alternating display 


cursor display example blink display example 


Fig.6 Cursor and blink display examples. 
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0000 | 0001 | oe 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111 


MGE994 


Fig.7 Character set ‘A’ in CGROM: PCF2113A. 
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0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0117 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111 


Xxxx 0010 
XXxx 0011 


XXXxX 0110 
XXxx 0111 


ce 


—_ 
oO 


XXXx 1010 


a a 
Ean |] 
gan 
gna 
a 
a 
a 


5 


14 


XXxx 1110 


XXXX 1111 16 


— 
ol 


MGD688 


Fig.8 Character set ‘D’ in C@GROM: PCF2113D. 
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upper 

4 bits | g900 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1014 | 1100 | 1101 | 1110 | 1111 
a 
a 


— 


ye) 


oo 


Bh 


or 


x 
x 
xs 
x 
— 
oO 
— 
— 
_k oh as — 
ol > ie] We) 


— 
Oo 


MGD689 


Fig.9 Character set ‘E’ in C@4ROM: PCF2113E. 
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character codes CGRAM character patterns character code 
(DDRAM data) address (CGRAM data) (CGRAM data) 


t “6.2” AL +B) 2 1.0 4 3 2 1 0 


higher lower higher 
«<«— order order —» ~<«— order 
bits bits bits 


0 O 0 0 


character 
pattern 
example 1 


sa et ot OOO OO 
—==430O0-=00 
-—-O-0-0- 0 
(oe ae ee ae ee ee 
o-oo°0o+-+-0 


cursor 
position 


character 
pattern 
example 2 


ooo-0o+--0 oooo-c00 =~ 
ones s+ Ss BOO ooo_-=_00 — 


—- = 4 = OO CO 
-|—+3 O0 = = Oo 
="=OoO-0O-(0+-0 
ooo-0o0+-++-0 oo-o+-c00—- 


| OC0o0+=0-0- 
OCO0O+0-0- 


oOo 
oo 
=0 | 


Character code bits 0 to 3 correspond to CGRAM address bits 3 to 6. 


CGRAM address bits 0 to 2 designate the character pattern line position. The 8*" line is the cursor position and display is performed by logical OR with 
the cursor. Data in the 8" position will appear in the cursor position. 


Character pattern column positions correspond to CGRAM data bits 0 to 4, as shown in this figure. 
CGRAM character patterns are selected when character code bits 4 to 7 are all logic 0. CGRAM data = logic 1 corresponds to selection for display. 


Only bits 0 to 5 of the CGRAM address are set by the ‘set CGRAM address’ instruction. Bit 6 can be set using the ‘set DDRAM address’ instruction in 
the valid address range or by using the auto-increment feature during CGRAM write. All bits 0 to 6 can be read using the ‘Read busy flag and address’ 
instruction. 


Fig.10 Relationship between CGRAM addresses and data and display patterns. 
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VLCD— 
\ ae 
Va/V4— 
—_—— 
Vsg== | 


<—____——— frame n —-—_—--» |+_—-_—- frame n+ 1 _ 


ROW 1 


ROW 9 


ROW 2 


COL1 


COL2 


state 1 
—0.25Vop — 
—-0.5Vop aa 


—Vop ——— 


Vop === 


0.5Vop — 
0.25Vop — 
OV 
-0.25Vop — 
-0.5Vop — 


state 2 


-Vop 


MGE996 


a ee a he or se a 
123 18'1 23 18 


Fig.11 Typical LCD waveforms; character mode. 
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only icons are 


driven (mux 1: 2 
VLCD —— ( ) 


ROW 17 2/3 —— 


13=—— 
¥ss — 
VLcbp —— 
ROW18 2/3-— 


i 
Vss —— 


=—_—- frame n ——-—___- | + frame. n + 1 —————_—_> 


VLCD —— 
ROW1to16 2/3— 
1/3 =— 


Vss —— 


VLCcD —— 
2/3 —— 
1s 


Vso 


COL 1 ON/OFF 


VLcD —— 


2/3 
COL2OFF/ON 4/3 
Vss —— 


VLCD 
23 
COLSON/ION 473 


NSg=—— 
VLcD —— 


2/3 —— 
COL 4 OFF/OFF 47, 


Vss —— MGE997 


Fig.12 MUX 1 : 2 LCD waveforms; icon-mode. 
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=—___— frame n ——---__"_>- | + frame n +1 | 


state 1 (ON) 
Lr state 2 (OFF) 


R1-16 
-1/3 Vop a 


-2/3 Vop —— state 3 (OFF) 
-Vop —— 


Vop — 
2/3 Vop —— 


Ca i a aa 
(@) Je a 


-1/3 Vop —— 
-2/3 Vop —— 


-Vop —— 


state 3 
COL 1 - 
ROW 1to 16 —1/3 Vop —— 


-2/3 Vop —— 


Vep= 
op MGE998 


Von(rms) = 0.745Vop. 
VoFF(rms) = 0.333Vop. 


V 
De. UN 3 9 99 
VoFF 


Fig.138 MUX 1 :2LCD waveforms; icon-mode. 
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8.17 Reset function 


The PCF2113x automatically initializes (resets) when power is turned on. The chip executes a reset sequence, requiring 
165 OSC cycles. After the reset the chip’s functions are in the states shown in Table 4. 


Table 4 State after reset 


FUNCTION RESET STATE (BIT/REGISTER) | RESET STATE (DESCRIPTION) 
clear display 


display control 


display off 


3 
B=0 ____leursorcharactor bink of 
Meo SS~«*d Ane display 
default address pointer to DDRAM; the Busy Flag (BF) indicates the busy state (BF = logic 1) until initialization 
ends; the busy state lasts 2 ms; the chip may also be initialized by software; see Tables 17 and 18 
(6 [iconcontrot SC [IMIB=00 —————_—iiconsiiconbbink disabled 
(8 [Vico temperature coefficient _|TO1,TO2=00 __—_—_—_|detault temperature cosffcient__ 
fe [setVico SMa Ve=0SSS~S~*~diM co generator 


0 
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9 INSTRUCTIONS 


Only two PCF2113x registers, the Instruction Register (IR) 
and the Data Register (DR) can be directly controlled by 
the microcontroller. Before internal operation, control 
information is stored temporarily in these registers, to 
allow interface to various types of microcontrollers which 
operate at different speeds or to allow interface to 
peripheral control ICs. 

The format for instructions when I?C-bus control is used is 
shown in Table 5. The PCF2118x operation is controlled 
by the instructions shown in Table 6, which also gives 
execution times in clock cycles. Details are explained in 
subsequent sections. 


Instructions are of 4 types, those that: 


1. Designate PCF2113x functions such as display 
format, data length, etc. 


Set internal RAM addresses 


3. Perform data transfer with internal RAM 
4. Others. 
Table 5 Instruction format for I2C-bus instructions 


CONTROL BYTE“) 


In normal use, category 3 instructions are used most 
frequently. However, automatic incrementing by1 = 
(or decrementing by 1) of internal RAM addresses after 
each data write lessens the microcontroller program load. 
The display shift in particular can be performed ; 
concurrently with display data write, enabling the designer 


to develop systems in minimum time with maximum 


programming efficiency. 


During internal operation, no instruction other than the 
‘Read busy flag and address’ instruction will be executed. 
Because the Busy Flag is set to logic 1 while an instruction 
is being executed, check to make sure it is on logic 0 
before sending the next instruction or wait for the 
maximum instruction execution time, as given in Table 6. 
An instruction sent while the Busy Flag is logic 1 will not be 
executed. 


COMMAND BYTE 


co [As fo [o [o [oo [o |r [os [Des [oe« [oes [ose [bei [DBO 


Note 
1. R/Wis set together with the slave address. 
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192 


cO Jdv 2661 


C61 


Table 6 Instructions 


= REQUIRED 
INSTRUCTION R/W | DB7 | DB6 DB4 DBi | DBO DESCRIPTION CLOCK 
CYCLES 


po | oto} oo} ol ol no operation 38 


NOP | 0 | 0 of oO 3 
Function set 1 DL M H | sets interface Data Length (DL) and number of 3 
display lines (M); 
extended instruction set control (H) 
Read busy flag 1 BF Ac reads the Busy Flag (BF) indicating internal 
and address operating is being performed and reads Address 
Counter contents 
Clear display 1 | clears entire display and sets DDRAM address 0 in 165 
Address Counter 
Return home 1 sets DDRAM address 0 in Address Counter; also 
returns shifted display to original position; DDRAM 
_ PPP PEPE RPE | 
sets entire display on/off (D), cursor on/off (C) and 
blink of cursor position character (B); D = 0 (display 


sets cursor move direction and specifies shift of 
display; these operations are performed during data 
write and read 


3 
contents remain unchanged 
3 
Display control 1 C 3 
off) puts chip into power-down mode 
Cursor/display 1 | S/C} R/L moves cursor and shifts display without changing 3 
shift DDRAM contents 
Set CGRAM 1 Acc sets CGRAM address; bit 6 is to be set by the 3 
address instruction ‘Set DDRAM address’; look at the 
description of the instructions 
Set DDRAM 1 App sets DDRAM address 3 
address 


JBAUP/J9||OAJUOD QOD) 


XEbLbodoOd 


SIOJONNUODIWAS sdijiud 


uoneoyioeds yonpold 


ZO Idy Z661 


v6l 


REQUIRED 
CLOCK 


CYCLES 
}Reserved —| Oi sOt i i aye Or | 1 [donotusee sss not }donotusee sss 


Resend __ BE screen configuration 
configuration 
Display set display configuration 
configuration 


‘Icon control control | 0 | set icon mode (1M), icon blink ( (1B) 


poten aerae 


sais Te Lepr pv] ie soe rave | 


Note 
1. X=dontcare. 


IBA P/J9|[O1JUOD GO] 


XEtkcdOd © 


suojonpuodiwesS sdijiudg 


uoneoyioeds JONpOld 
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Table 7 Explanations of symbols used in Table 6 


a 


display freeze display shift 
ioe sd display off display on 


ae cursor Character blink off: character at cursor 
position does not blink position blinks 


L (no impact, if | left/right screen: standard connection left/right screen: mirrored connection 
(as in PCF2114); (as in PCF2116); 

1st 12 characters of 24: columns are from 1st 12 characters of 24: columns are from 
1 to 60 2nd 12 characters of 24: columns are 1 to 60 

from 1 to 60 2nd 12 characters of 24: columns are from 
60 to 1 


column data: left to right (as in PCF2116); column data: right to left; 
column data is displayed from 1 to 60 column data is displayed from 60 to 1 
row data: top to bottom (as in PCF2116); row data: bottom to top; 


row data is displayed from 1 to 16 and icon row | row data is displayed from 16 to 1 and icon 
data is in 17 and 18 row data is in 18 and 17 


Vicp temperature coefficient 3; for ranges for TC see Chapter 15 
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oer 77K TX XK EX IO IORI, 
oes 7X m8 X te KZ KKK 802@ KOK ORL, 


pas 77K 95 X11 XZ ROKK 1 KORO, 


mee 7X 4 X 10 KKK 800 KOK OOK, 


instruction | busy flag and | data register 


i address counter read 
write MGA804 


Fig.14 4-bit transfer example. 


internal | internal operation | | 


instruction | busy flag | busy flag | instruction 


write check check write MGA805 


IR7, IR3: instruction 7, 3° bit. 
AC3: Address Counter 3° bit. 
D7, D3: data 7th, 3° bit. 


Fig.15 An example of 4-bit data transfer timing sequence. 
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\ < 


internal ff internatoperation ff 


busy flag 
check 


instruction 
write MGA806 


instruction 
write 


busy flag | 


busy flag 
check 


check 


Fig.16 Example of Busy Flag checking timing sequence. 


9.1 Clear display 


‘Clear display’ writes character code 20 (hexadecimal) into 
all DDRAM addresses (the character pattern for character 
code 20 must be blank pattern), sets the DDRAM Address 
Counter to logic 0 and returns display to its original 
position if it was shifted. Thus, the display disappears and 
the cursor or blink position goes to the left edge of the 
display. Sets entry mode I/D = logic 1 (increment mode). 
S of entry mode does not change. 


The instruction ‘Clear display’ requires extra execution 
time. This may be allowed by checking the Busy Flag (BF) 
or by waiting until the 165 clock cycles have elapsed. 
The latter must be applied where no read-back options are 
foreseen, as in some Chip-On-Glass (COG) applications. 


9.2 Return home 


‘Return home’ sets the DDRAM Address Counter to 

logic 0 and returns display to its original position if it was 
shifted. DDRAM contents do not change. The cursor or 
blink position goes to the left of the first display line. I/D and 
S of entry mode do not change. 
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9.3 Entry mode set 
9.3.1 I/D 


When I/D = logic 1 (0) the DDRAM or CGRAM address 
increments (decrements) by 1 when data is written into or 
read from the DDRAM or CGRAM. The cursor or blink 
position moves to the right when incremented and to the 
left when decremented. The cursor underline and cursor 
character blink are inhibited when the CGRAM is 
accessed. 


93.2 $S 


When S = logic 1, the entire display shifts either to the right 
(I/D = logic 0) or to the left (I/D = logic 1) during a DDRAM 
write. Thus it looks as if the cursor stands still and the 
display moves. The display does not shift when reading 
from the DDRAM, or when writing into or reading out of the 
CGRAM. When S = logic 0 the display does not shift. 


197 


Philips Semiconductors 


Product specification 


LCD controller/driver 


PCF2113x 


9.4 Display control (and partial power-down mode) 
9.4.1 D 


The display is on when D = logic 1 and off when 
= logic 0. Display data in the DDRAM are not affected 
and can be displayed immediately by setting D to logic 1. 


When the display is off (D = 
power-down mode: 


logic 0) the chip is in partial 


e The LCD-outputs are connected to Vss 
e The LCD generator and bias generator are turned off. 


3 OSC cycles are required after sending the ‘Display off’ 
instruction to ensure all outputs are at Vss, afterwards 
OSC can be stopped. If the oscillator is running during 
partial power-down mode (‘Display off’) the chip can still 
execute instructions. Even lower current consumption is 
obtained by inhibiting the oscillator (OSC = Vgs). 


To ensure Ipp < 1 A the parallel bus pins DB7 to DBO 
should be connected to Vpp; RS, RW, to Vpp or left open 
and PD to Vpp. Recovery from power-down mode: PD 
back to logic 0, if necessary OSC back to Vpp, senda 
‘Display control’ instruction with D = logic 1. 


9.4.2 C 


The cursor is displayed when C = logic 1 and inhibited 
when C = logic 0. Even if the cursor disappears, the 
display functions I/D, etc. remain in operation during 
display data write. The cursor is displayed using 5 dots in 
the 8th line (see Fig.6). 


943 B 


The character indicated by the cursor blinks when | 
B = logic 1. The cursor character blink is displayed by | 
switching between display characters and all dots on with 


fosc 
52 224 
The cursor underline and the cursor character blink can be 
set to display simultaneously. 


a period of approximately 1 s, with fa inn = 


9.5 Cursor/display shift 


‘Cursor/display shift’ moves the cursor position or the 
display to the right or left without writing or reading display 
data. This function is used to correct a character or move 
the cursor through the display. In 2-line displays, the 
cursor moves to the next line when it passes the last 
position (40) of the line. When the displayed data is shifted 
repeatedly all lines shift at the same time; displayed 
characters do not shift into the next line. 
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The Address Counter (AC) content does not change if the 
only action performed is shift display, but increments or 
decrements with the ‘cursor shift’. 


9.6 Function set 


9.6.1 DL (PARALLEL MODE ONLY) 


Sets interface data width. Data is sent or received in bytes 
(DB7 to DBO) when DL = logic 1 or in two nibbles 

(DB7 to DB4) when DL = logic 0. When 4-bit width is 
selected, data is transmitted in two cycles using the 
parallel bus. In a 4-bit application DB3 to DBO should be 
left open (internal pull-ups). Hence in the first 

‘Function set’ instruction after power-on N and H are set to 
logic 1. A second ‘Function set’ must then be sent 


_ (2 nibbles) to set N and H to their required values. 


‘Function set’ from |?C-interface sets the DL bit to logic 1. 


9.6.2 ™M 


Chooses either 1-line by 24 display (M = 0) or 2-line by 
12 display (M = 1). 


96.3 4H 


When H = logic 0 the chip can be programmed via the 
standard 11 instruction codes used in the PCF2116 and 
other LCD controllers. 


When H = logic 1 the extended range of instructions will be 
used. These are mainly for controlling the display 
configuration and the icons. 


9.7 Set CGRAM address 


‘Set CGRAM address’ sets bits 5 to 0 of the CGRAM 

address (Acg in Table 6) into the Address Counter (binary 
A[5] to A[0)). 

Data can then be written to or read from the CGRAM. 


Attention: the CGRAM address uses the same address 
register as the DDRAM address and consists of 7 bits 
(binary A[6] to A[0]). With the ‘Set CGRAM address’ 
instruction, only bits 5 down to 0 are set. Bit 6 can be set 
using the ‘Set DDRAM address’ instruction first, or by 
using the auto-increment feature during CGRAM write. 
All of bits 6 to 0 can be read using the 

‘Read busy flag and address’ instruction. 


When writing to the lower part of the CGRAM, make sure 
that bit 6 of the address is not set (e.g. by an ealliel 
DDRAM write or read action). 
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9.8 Set DDRAM address 


‘Set DDRAM address’ sets the DDRAM address (App in 
Table 6) into the Address Counter (binary A[6] to A[0]). 
Data can then be written to or read from the DDRAM. 


9.9 Read busy flag and address 


‘Read busy flag and address’ reads the Busy Flag (BF) 
and Address Counter (AC). BF = logic 1 indicates that an 
internal operation is in progress. The next instruction will 
not be executed until BF = logic 0, so BF should be 
checked before sending another instruction. 


At the same time, the value of the Address Counter 
expressed in binary A[6] to A[0] is read out. The Address 
Counter is used by both CGRAM and DDRA\M, and its 
value is determined by the previous instruction. 


9.10 Write data to CGRAM or DDRAM 


‘Write data’ writes binary 8-bit data D[7] to D[0O] to the 
CGRAM or the DDRAM. 


Whether the CGRAM or DDRAN is to be written into is 
determined by the previous ‘Set CGRAM address’ or 
‘Set DDRAM address’ instruction. After writing, the 
address automatically increments or decrements by 1, in 
accordance with the entry mode. Only bits D[4] to D[0O] of 
CGRAM data are valid, bits D[7] to D[5] are ‘don’t care’. 


9.11 Read data from CGRAM or DDRAM 


‘Read data’ reads binary 8-bit data D[7] to D[O] from the 
CGRAM or DDRAM. 


The most recent ‘Set address’ instruction determines 
whether the CGRAM or DDRAM is to be read. 


The ‘Read data’ instruction gates the content of the Data 

Register (DR) to the bus while E is high. After E goes low 
again, internal operation increments (or decrements) the 

AC and stores RAM data corresponding to the new AC into 
the DR. 


Note: the only three instructions that update the Data 
Register (DR) are: 


e ‘Set CGRAM address’ 
e ‘Set DDRAM address’ 
e ‘Read data’ from CGRAM or DDRAM. 


Other instructions (e.g. ‘Write data’, ‘Cursor/display shift’, 
‘Clear display’, ‘Return home’) do not modify the data 
register content. 


1997 Apr 02 


10 EXTENDED FUNCTION SET INSTRUCTIONS AND 
FEATURES 


10.1 New instructions 


H = logic 1 sets the chip into alternate instruction set 
mode. 


10.2 Icon control 


The PCF2113x can drive up to 120 icons. See Fig.17 for 
CGRAM to icon mapping. 


10.3 IM 


When IM = logic 0 the chip is in character mode. In 
character mode characters and icons are driven 

(MUX 1 : 18). The Vicp generator, if used, produces the 
Vicp voltage programmed in register Va. 


When IM = logic 1 the chip is in icon mode. In icon mode 
only the icons are driven (MUX 1 : 2) and the Vicp voltage 
generator, if used, produces the Vicp voltage 
programmed in register Vp. 


Remark: If internally generated V; cp must not be lower 
than Vpp (Vpp < 4 V) 


10.4 1B 


Icon blink control is independent of the cursor/character 
blink function. 


When IB = logic 0 icon blink is disabled. Icon data is stored 
in CGRAM character 0 to 2 (3 x 8 x 5 = 120 bits for 
120 icons). 


When IB = logic 1 icon blink is enabled. In this case each 
icon is controlled by two bits. Blink consists of two half 
phases (corresponding to the cursor on and off phases 
called even and odd phases hereafter). 


Icon states for the even phase are stored in CGRAM 
characters 0 to 2 (3 x 8 x 5 = 120 bits for 120 icons). 
These bits also define icon state when icon blink is not 
used. 


Icon states for the odd phase are stored in CGRAM 
character 4 to 6 (another 120 bits for the 120 icons). When 
icon blink is disabled CGRAM characters 4 to 6 may be 
used as normal CGRAM characters. 
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Table 9 Blink effect for icons and cursor character blink 


PARAMETER e- e PHASE ODD PHASE 


Cursor character blink block (all eo normal (display character) 
state 1: CGRAM character 0 to 2 state 2: CGRAM character 4 to 6 


display: COL 1 to 5 COL 6 to 10 COL 56 to 60 


pow CPEEE)  EPEEE 


co ole ele 


MGE999 
block of 5 columns 


i 


phase ROW/COL character codes CGRAM address CGRAM data icon view 


7 6 5 4 3 2 6 5 4 3 2 43 2 
LSB | MSB LSB | MSB 


= 
11-15 17/11-15 


56-60 17/56-60 
61-65 | even 18/1-5 
! t ‘ ‘ 
! | t | I | 


! ! I 
116-120 18/56-60 
za ce ton) | 778 


MGGO01 


CGRAM data bit = logic 1 turns the icon on, data bit = logic 0 turns the icon off. 
Data in character codes 0 to 2 define the icon-states when icon blink is disabled or during the even phase when icon blink is enabled. 
Data in character codes 4 to 6 define the icon-state during the odd phase when icon blink is enabled (not used for icons when icon blink is disabled). 


Fig.17 CGRAM to icon mapping. 
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10.5 Normal/icon mode operation 


CONDITION 


[0 _|eharacter mode [generates Va 


10.6 Screen configuration 


L: default is L = logic 0. 


L = logic 0: the two halves of a split screen are connected 
in a standard way i.e. column 1/61, 2/62 to 60/120. 


L = logic 1: the two halves of a split screen are connected 
in a mirrored way i.e. column 1/120, 2/119 to 60/61. 
This allows single layer PCB or glass layout. 


10.7 Display configuration 
P, Q: default is P, Q = logic 0. 
P = logic 1 mirrors the column data. 


Q = logic 1 mirrors the row data. 


10.8 TC1,TC2 


Default is TC1, TC2 = logic 0. This selects the default 
temperature coefficient for the internally generated V cp. 
TC1,TC2 = 10,01 and 11 selects alternative temperature 
coefficients 1, 2 and 3 respectively. 


10.9 Set Vicp 


Vicp value is programmed by instruction. Two on-chip 
registers hold Vicp values for character mode and icon 
mode respectively (Va and Vg). The generated Vi cp value 
is independent of Vpp, allowing battery operation of the 
chip. Vg must be programmed to FF in character mode (i.e. 
using Va) and Va must be programmed to 00 in icon mode. 


Note: If internally generated Vicp must not be lower 
than Vpp. 


Note: Vop <4V 
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Vicp programming: 
1. send ‘Function set’ instruction with H = 1 
2. send ‘Set Vicp’ instruction to write to voltage register: 


a) DB7, DB6 = 10: DB5 to DBO are Vi cp of character 
mode (Va) 


b) DB7, DB6 = 11: DB5 to DBO are Vi cp of icon mode 
(Vp) 

c) DB5 to DBO = 000000 switches Vicp generator off 
(when selected) 


d) During ‘display off and power-down Vicp 
generator is also disabled 


3. send ‘Function set’ instruction with H = 0 to resume 
normal programming. 
10.10 Reducing current consumption 


Reducing current consumption can be achieved by one of 
the options mentioned in Table 10. 


Table 10 Reducing current consumption 


ORIGINAL 
MODE 


ALTERNATIVE MODE 


icon mode (control bit IM) 
Display on display off (control bit D) 


When Vicp lies outside the Vpp range and must be 
generated, it is usually more efficient to use the on-chip 
generator than an external regulator. 


Table 11 Use of the V, and Vz registers 
| wove | MM] 
Normal operation | Vicp character Vicp icon mode 
mode 
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11 INTERFACE TO MICROCONTROLLER 
(PARALLEL INTERFACE) 


The PCF21 13x can send data in either two 4-bit operations 
or one 8-bit operation and can thus interface to 4-bit or 
8-bit microcontrollers. 


In 8-bit mode data is transferred as 8-bit bytes using the 
8 data lines DB7 to DBO. Three further control lines E, RS, 
and R/W are required. See Chapter 7. 


In 4-bit mode data is transferred in two cycles of 4 bits 
each using pins DB7 to DB4 for transaction. The higher 
order bits (corresponding to DB7 to DB4 in 8-bit mode) are 
sent in the first cycle and the lower order bits (DB3 to DBO 
in 8-bit mode) in the second. Data transfer is complete 
after two 4-bit data transfers. Note that two cycles are also 
required for the Busy Flag check. 4-bit operation is 
selected by instruction. See Figs 14 to 17 for examples of 
bus protocol. 


In 4-bit mode pins DB3 to DBO must be left open-circuit. 
They are pulled up to Vpp internally. 


12 INTERFACE TO MICROCONTROLLER 
(I2C-BUS INTERFACE) 


12.1. Characteristics of the I2C-bus 


The |?C-bus is for bidirectional, two-line communication 
between different ICs or modules. The two lines are a 
serial data line (SDA) and a Serial Clock Line (SCL). 
Both lines must be connected to a positive supply via a 
pull-up resistor. Data transfer may be initiated only when 
the bus is not busy. 


Each byte of eight bits is followed by an acknowledge bit. 
The acknowledge bit is a HIGH level signal put on the bus 
by the transmitter during which time the master generates 
an extra acknowledge related clock pulse. A slave receiver 
which is addressed must generate an acknowledge after 
the reception of each byte. Also a master receiver must 
generate an acknowledge after the reception of each byte 
that has been clocked out of the slave transmitter. 
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The device that acknowledges must pull-down the SDA 
line during the acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times 
must be taken into consideration). A master receiver must 
signal an end of data to the transmitter by not generating 
an acknowledge on the last byte that has been clocked out 
of the slave. In this event the transmitter must leave the 
data line HIGH to enable the master to generate a STOP 
condition. 


12.2 |#C-bus protocol 


Before any data is transmitted on the I@C-bus, the device 
which should respond is addressed first. The addressing is 
always carried out with the first byte transmitted after the 
start procedure. The I2C-bus configuration for the different 
PCF2113x read and write cycles is shown in 

Figs 23 and 24. The slow down feature of the I?C-bus 
protocol (receiver holds SCL low during internal 
operations) is not used in the PCF2113x. 


12.3 Definitions 


Transmitter: the device which sends the data to the bus 


Receiver: the device which receives the data from the 
bus 


Master: the device which initiates a transfer, generates 
clock signals and terminates a transfer 


Slave: the device addressed by a master 


Multi-Master: more than one master can attempt to 
control the bus at the same time without corrupting the 
message 


Arbitration: procedure to ensure that, if more than one 
master simultaneously tries to control the bus, only one 
is allowed to do so and the message is not corrupted 


Synchronization: procedure to synchronize the clock 
signals of two or more devices. 
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MASTER SLAVE 
SLAVE MASTER 
TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSMITTER TRANSMITTER/ 


RECEIVER RECEIVER RECEIVER 


MASTER 


MGA807 


| | 
data line | change | 
stable; | ofdata | 
data valid | allowed | MBC621 


Fig.19 Bit transfer. 


START condition STOP condition MBC622 


Fig.20 Definition of START and STOP conditions. 


DATA OUTPUT 
BY TRANSMITTER 
not acknowledge 


DATA OUTPUT 
BY RECEIVER 


acknowledge 


SCL FROM 3 9 
MASTER ) ee 


=i 
cae clock pulse for 


eo cn MBC602 acknowledgement 


Fig.21 Acknowledgement on the |@C-bus. 
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ZO Idy Z661 


v02e 


acknowledgement 


from PCF2113x 
1RS CONTROL BYTE 


ae ere address 2n = 0 bytes 1 byte n>=0 ee 
i 


W Co Co cn 
data pointer 


0 RS CONTROL BYTE 


MGGo02 


S 
011107IA 


PCF2113x 2. 
slave address R/W 


Fig.22 Master transmits to slave receiver; write mode. 


JOAUP/J9}}04]U09 GOT 


XEbLbkodod 


SJOJONPUODIWS sdijiud 


uoneoyioeds yonpold 


ZO Jdv L661 


SOc 


acknowledgement 


ene cote address | 2n= 0 bytes 1 byte n= 0 bytes 


. Co 


“a ~ | no acknowledgement 


DATA BYTE 1 
mea aad 
= n bytes last byte 
is Co update update 
data pointer data pointer MGGo03 


(1) Last data byte is a dummy byte (may be omitted). 


Fig.23 Master reads after setting word address; write word address, set RS; ‘read data’. 
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acknowledgement acknowledgement no acknowledgement 
from PCF2113x from master from master 


SLAVE 


DATA BYTE 1 
ne 


7 n bytes last byte 
R/W Co update update 
data pointer data pointer mGaoo4 


Fig.24 Master reads slave immediately after first byte; read mode (RS previously defined). 


i 


'HD;DAT tHIGH 


t 
SU;STA 
MGA728 t SU;STO 


Fig.25 |?C-bus timing diagram. 
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13 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
Vpp supply voltage 


LCD supply voltage 
input voltage OSC, RS, RW, E and DB7 to DBO 
output voltage R1 to R18, C1 to C60 and Vicp 


fr [OCinputeuret——SSSSSCS~S~OS*d A 

fig [DC outputeurent’ SSO *dt 

mA 

[Px [total power dissipation. _—=S~S~SS*id 0S 
| 


power dissipation per output 


storage temperature 


14 HANDLING 


100 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices (see “Handling MOS Devices’). 
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15 DC CHARACTERISTICS . 
Vpp = 1.8 to 4.0 V (external Vicp: Vpp = 1.8 to 5.5 V); Vss = 0 V; Vicp = 2.2 to 6.5 V; Tamp = —40 to +85 °C; 
unless otherwise specified. 


[sweou] PARAMETER | _conomions | w [TR | wax | UNT 
sue SSC 


Woo [supplyvotags——~=~SCS*~*dtoral Vi geeration [18 [- [4d dV 
oo [supplyvotage—=~S~S*~*~*~*sd enema Vig dCi 
Vico [LCD supply votage dT 


‘Supply current, external Vicp note 1 

supply current 1 . 

Supply current 3 Vpp =3 V; Vicp = 5 V; 
note 2 


supply current 4 (icon mode) Vpp = 3 V3 Vicp = 2.5 V; 
note 2 


supply current 5 (power-down Vpp = 3 V; Vicp = 2.5 V; 

mode) DB7 to DBO, RS, R/W = 1; 
ee OSC =0; PD =1 

supply current, internal Vicp notes 1,3 

Supply current 6 


supply current 8 Vpp = 3 V; Vicp = 5 V; 
note 2 


supply current 9 (icon mode) Vpp = 3 V; Vicp = 2.5 V; 


& D 
or © 


— 
© 
© 


— 
Go 
; 
: 


Logic | 
R/W, DB[7..0] and SAO 
R/W, DB[7..0] and SAO 


LOW level input voltage OSC 
HIGH input voltage OSC 
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I2C-bus 
SDA AND SCL 


Vue _[LOWevelinputvotage SiS 
Vine [HIGH levelinput votage SiS 
: 


LCD outputs 


column output resistance C1 to C60 


Vion bias voltage tolerance R1 to R18 note 7 
and C1 to C60 

Viol2a Vicp tolerance Tamb = 25 °C;Vicp <3 V; 
note 3 

Violob Vicp tolerance Tamb = 25 °C; Vicp < 4 V; 
note 3 

Viol2c Vicp tolerance Tamb = 25 °C; Vicp < 5 V; 
note 3 


LCD outputs are open-circuit; inputs at Vpp or Vss; bus inactive. 
Tamb = 25 °C; fogc = 200 kHz. 


LCD outputs are open-circuit; HV generator is on; load current lyicp (at Vicp) = 5 HA. 


1 
2 
3 
4. Resets all logic when Vpp < Vpor; 3 OSC clock cycles required. 
5. Tested on sample basis. 

6 


Resistance of output terminals (R1 to R18 and C1 to C60) with a load current of 20 uA; outputs measured one ata 
time; external Vi cp. 


LCD outputs open-circuit; external Vi cp. 
8. Temperature coefficient at Vop = 5.0 V. Typical range +2 mV/K. 
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16 AC CHARACTERISTICS | 
Vpp = 1.8 to 5.5 V; Vss = 0 V3; Viep = 2.2 — 6.5 V; Tamb = —40 to +85 °C; unless otherwise specified. 


oscillator start-up time after power-down 
Bus timing characteristics: parallel interface; note 1 


ak {| omk 
A] BD 
Oo|oO 
Nh N 
© o1 
whi 
S| — 
oj; & 
OIlN 
‘= AI! _. 
7) Tinie 
N a 
= 


300 


WRITE OPERATION (WRITING DATA FROM MICROCONTROLLER TO PCF2113x) 


[osm [data setuptime 


enable cycle time 
A 


500 


NO 
NO 
© 


MN N | O1 
o1 Oo} © 


) 


, 
=) 


enable pulse width 
address set-up time 


address hold time 


data delay time 
data hold time 


Timing characteristics: I2?C-bus interface; note 1 


01 | © 


—_ 
ee) 


aah, 
© 
(=) 


— 
© 


0 


Cc 
7) 


data hold time 


tt; | SCL, SDA rise time 300 
ft; | SCL, SDA fall time 300 


400 


; 
ty 


tolerable spike width on bus 


NM) MD 


oi 
co) 


Note 
1. All timing values are valid within the operating supply voltage and ambient temperature range and are referenced to 
Vit and Viq with an input voltage swing of Vss to Vpp. 
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17 TIMING CHARACTERISTICS 


VILA 
| VIH1 i VIH1 
4 Valid Data |> 


T Fa MLA798 - 1 
cy 


Fig.26 Parallel bus write operation sequence; writing data from microcontroller to PCF2113x. 


VIH1 
VIL y 


TAH 


VIH1 


~«— PWEYH—» tAH 


ViH1 VIH1 
VILA VILA 


tpopR tDHR 


V V 
VOL1 VOL1 


MLA799 - 1 


Fig.27 Parallel bus read operation sequence; reading data from PCF2113x to microcontroller. 
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18 APPLICATION INFORMATION 


P20 


P21 


poo R1 to R16 2 x 12 CHARACTER 
P80CL51 PCF2113x LCD DISPLAY 


16 PLUS 120 ICONS 


C1 to C60 
P17 to P10 DB7 to DBO 


MGG005 


Fig.28 Direct connection to 8-bit microcontroller; 8-bit bus. 


R17, R1 
RS 7, R18 


R/W 
Ri to R16 2 x 12 CHARACTER 
P80CL51 PCF2113x LCD DISPLAY 


16 PLUS 120 ICONS 


C1 to C60 
P17 to P14 DB7 to DB4 


MGGo06 


Fig.29 Direct connection to 8-bit microcontroller; 4-bit bus. 


OSC R17, R18 


VDD 
R1 to R16 2 x 12 CHARACTER 
PCF2113x LCD DISPLAY 


PLUS 120 ICONS 
VLCD 


C1 to C60 
Vss 


DB7to DBO E RS R/W MGG007 


Fig.30 Typical application using parallel interface. 
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Vpp Vpp Vpp 
i i -_ osc DB3/SAO | R17, R18 
VDD Vpp 
R1 to R16 2 x 12 CHARACTER 
PCF2113x LCD DISPLAY 
100 r 16 PLUS 120 ICONS 
ne LCD 
100 
nF C1 to C60 
Vss VSS gscL SDA 


osc  DB3/SAO | R17, R18 


Vpp 


1 x 24 CHARACTER 
LCD DISPLAY 


R1 to R16 
16 


PCF2113x 


100 PLUS 120 ICONS 
nF VLCD 
100 
nF C1 to C60 
V 
Ss VSS scL SDA 


SCL SDA 


MASTER TRANSMITTER 
PCF84C81A; P80CL410 


MGG008 


Fig.31 Application using |?C-bus interface. 


1997 Apr 02 213 


Philips Semiconductors 


Product specification 


_CD controller/driver 


PCF2113x 


18.1. 8-bit operation, 1-line display using internal 


reset 


Table 13 shows an example of a 1-line display in 8-bit 
operation. The PCF2118x functions must be set by the 
‘function set’ instruction prior to display. Since the DDRAM 
can store data for 80 characters, the RAM can be used for 
advertising displays when combined with display shift 

operation. Since the display shift operation changes 
display position only and DDRAM contents remain 
unchanged, display data entered first can be displayed 
when the ‘return home’ operation is performed. 


18.2 4-bit operation, 1-line display using internal 
reset 


The program must set functions prior to 4-bit operation. 
Table 12 shows an example. When power is turned on, 
8-bit operation is automatically selected and the 
PCF2113x attempts to perform the first write as an 8-bit 
operation. Since nothing is connected to DBO to DBS, a 
rewrite is then required. 


However, since one operation is completed in two 
accesses of 4-bit operation, a rewrite is required to set the 
functions (see Table 12 step 3). 


Thus, DB4 to DB7 of the ‘function set’ are written twice. 


18.3  8-bit operation, 2-line display 


For a 2-line display, the cursor automatically moves from 
the first to the second line after the 40* digit of the first line 
has been written. Thus, if there are only 8 characters in the 
first line, the DDRAM address must be set after the eighth 
character is completed (see Table 5). Note that both lines 
of the display are always shifted together; data does not 
shift from one line to the other. 


18.4 [°C operation, 1-line display 


A control byte is required with most instructions 
(see Table 16). 


Table 12 4-bit operation, 1-line display example; using internal reset 


1 power supply on (PCF2113x is initialized by 
the internal reset circuit) 


function set 
R/W DB7 


DB6 DB5 


function set 


display on/off control 
{0 0 

0 1 

entry mode set 

0 0 0 

0 0 0 


‘write data’ to CGRAM/DDRAM 
1 0 0 1 0 1 
1 0 0 0 0 0 
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INSTRUCTION DISPLAY OPERATION 
— initialized; no display appears 


sets to 4-bit operation; in this instance operation 
is handled as 8-bits by initialization and only this 
instruction completes with one write 


sets to 4-bit operation, selects 1-line display and 
Vicp = Vo; 4-bit operation starts from this point 
and resetting is needed 


turns on display and cursor; entire display is 
blank after initialization 


sets mode to increment the address by 1 and to 
shift the cursor to the right at the time of write to 
the DD/CGRAM; display is not shifted 


writes ‘P’; the DDRAM has already been 
selected by initialization at power-on; the cursor 
is incremented by 1 and shifted to the right 


214 


co idy Z66L 


G 


— 
oO 


Table 13 8-bit operation, 1-line display example; using internal reset (character set ‘A’) 


STEP INSTRUCTION DISPLAY OPERATION 
power supply on (PCF2113x is initialized by the internal reset initialized; no display appears 


function) 


— 
oO) 


function set 
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
0 0 0 0 1 | 0 0 


sets to 8-bit operation, selects 1-line display and 


Vico = Vo 


display mode on/off control 


turns on display and cursor; entire display is blank after 
initialization 


entry mode set 
0 0 0 sets mode to increment the address by 1 and to shift the 
cursor to the right at the time of the write to the 


0 0 0 0 0 


DD/CGRAM; display is not shifted 
‘write data’ to CG4RAM/DDRAM 
1 0 0 1 0 


writes ‘P’; the DDRAM has already been selected by 
initialization at power-on; the cursor is incremented by 1 
and shifted to the right 


‘write data’ to CGRAM/DDRAM 
1 0 0 1 0 0 1 0 0 0 


12 | ‘write data’ to CGRAM/DDRAM 

13 entry mode set 

14 | ‘write data’ to CGRAM/DDRAM 

15 | ‘write data’ to CGRAM/DDRAM | 


JOAIP/19||OJUOD GO] 


XE tkodoOd 


SIOIONPUODIWS sdijiyd 


uoneoyioeds yONpOd 
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INSTRUCTION 


returns both display and cursor to the original position 
(address 0) 
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uoneoyioeds yonpold 


ZO 1d Z66L 


No 
— 
N 


Table 14 8-bit operation, 1-line display and icon example; using internal reset (character set ‘A’) 


STEP INSTRUCTION DISPLAY OPERATION 


power supply on (PCF211 3x is initialized by the internal reset initialized; no display appears 
function) 


ah 


function set 

RS RW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 
0 0 0 0 1 1 0 0 
display mode on/off control 

0 0 0 0 0 


sets to 8-bit operation, selects 1-line display and 
Vico = Vo 


turns on display and cursor; entire display is blank after 
initialization 


entry mode set 
0 0 0 


sets mode to increment the address by 1 and to shift the 
cursor to the right at the time of the write to the 
DD/CGRAM; display is not shifted 


set CGRAM address 
0 0 0 1 0 0 0 0 0 0 


‘write data’ to CGRAM/DDRAM 
1 0 0 0 0 0 1 0 1 0 


set CGRAM address 
0 0 0 1 1 1 0 0 0 0 


‘write data’ to CGRAM/DDRAM 
1 0 0 0 0 0 1 0 1 0 


sets the CGRAM address to position of character 0; the 
CGRANM is selected 


writes data to CGRAM for icon even phase; icons appears 


7 


sets the CGRAM address to position of character 4; the 
CGRAM is selected 


writes data to CGRAM for icon odd phase 
" a ae 


function set 
icon control 
function set 


11 
12 
3 


1 
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STEP INSTRUCTION DISPLAY OPERATION 
sets the DDRAM address to the first position; DDRAM is 


14 set DDRAM address 
0 1 0 
selected 


15 ‘write data’ to CGRAM/DDRAM | 
| 1 0 O 1 0 eo writes ‘P’; the cursor is incremented by 1 and shifted to the 
right 
16 write data’ to CGRAM/DDRAM 
een oo + 0 0 0 fm wm 
ict i: Sr 


return home 
PHILIPS 


returns both display and cursor to the original position 
(address 0) 


JOAUP/19||O1]U0D GD) 


XE ltLodOd 
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~ lable 15 8-bit operation, 2-line display example; using internal reset 
= 
> STEP INSTRUCTION DISPLAY OPERATION ! 
a 1 power supply on (PCF2113x is initialized by the internal reset I ae al initialized; no display appears 
function set sets to 8-bit operation; selects 2-line display and voltage 
generator off 
RS R/W DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 
display on/off control turns on display and cursor; entire display is blank after 
initialization 
entry mode set sets mode to increment the address by 1 and to shift the 
cursor to the right at the time of write to the CG/DDRAM; 
4 display is not shifted 
‘write data’ to C@RAM/DDRAM writes ‘P’; the DDRAM has already been selected by 
initialization at power-on; the cursor is incremented by 1 
me Ls and shifted to the right 
© 


6 to 10 


writes ‘S’ 


‘write data’ to CGRAM/DDRAM 


—s 
—s 


PHILIPS _ 


sets DDRAM address to position the cursor at the head of 
the 2nd line 


set DDRAM address 


— 


PHILIPS 


writes ‘M’ 


‘write data’ to CGRAM/ DDRAM 
PHILIPS 


14 to 19 
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XEbLbkodOd 
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022 


return home 


PHILIPS 


MICROCO_ 


PHILIPS 


MICROCO_ 


HILIPS 


ICROCOM_ 
| 


| 
PHILIPS 


writes ‘O’ 
sets mode for display shift at the time of write 


writes ‘M’; display is shifted to the left; the first and second 
lines shift together 


returns both display and cursor to the original position 
(address 0) 


JABAL P/A9|[O1JUOD GO] 


XElbkodOd 
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Table 16 Example of |2C operation; 1-line display (using internal reset, assuming SAO = Vss; note 1) 


| I2C BYTE DISPLAY OPERATION 
l2C start initialized; no display appears 


slave address for write 
SA6 SA5 SA4 SA3 SA2 SAI1 
0 1 | | 0 1 


during the acknowledge cycle SDA will be pulled-down by the 
PCF2113x 


send a control byte for ‘function set’ 
Co RS 0 0 0 
0 0 0 


control byte sets RS for following data bytes 


function set 
DB7 DB6 DB5 DB4 DBS3 DB2 
0 0 | Xx 0 0 


selects 1-line display and Vi cp = Vo; SCL pulse during 
acknowledge cycle starts execution of instruction 


display on/off control 
DB7 DB6 DB5 DB4 DB3 DB2 
0 0 0 0 1 1 


entry mode set 
DB7 DB6 DB5 DB4 DB3 DB2 
0 0 0 0 0 1 


turns on display and cursor; entire display shows character 20H 
(blank in ASCIl-like character sets) 


sets mode to increment the address by 1 and to shift the cursor 
to the right at the time of write to the DDRAM or CGRAM; display 
is not shifted 


7 l2C start 


for writing data to DDRAM, RS must be set to 1; therefore a 
control byte is needed 


slave address for write 

SA6 SA5 SA4 SA3 SA2 SAI 
0 1 1 1 0 1 
send a control byte for ‘write data’ 
Co RS 0O 0 0 0 
0 1 0 0 0 0 
‘write data’ to DDRAM 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack 
0 1 0 1 0 0 0 0 1 


writes ‘P’; the DDRAM has been selected at power-up; the 
cursor is incremented by 1 and shifted to the right 
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STEP I2?C BYTE DISPLAY OPERATION 


‘write data’ to DDRAM 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack writes ‘H’ 


7 To 


‘write data’ to DDRAM 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack writes ‘S’ 
0 1. O 1 0 0 1 1 | PHILIPS _ 


17 (optional I2C stop) IC start + slave address for write 
(as step 8) PHILIPS _ 


PHILIPS _ cr 


19 return home 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack sets DDRAM address 0 in Address Counter (also returns shifted 


0 0 0 0 { 0 4 PHILIPS display to original position; DDRAM contents unchanged); this 
| 7 instruction does not update the Data Register (DR) 


im : PUPS] 


slave address for read 
SA6 SA5 SA4 SA3 SA2 SAT 
0 | 1 1 0 1 


during the acknowledge cycle the content of the DR is loaded 
into the internal l@C interface to be shifted out; in the previous 
instruction neither a ‘set address’ nor a ‘read data’ has been 

performed; therefore the content of the DR was unknown. The 
R/W has to be set to 1 while still in I@C-write mode. 


SAO R/W Ack 
0 1 1 


PHILIPS 


control byte for read 
RS 0 
, 


DDRAM content will be read from following instructions 


PHILIPS 
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STEP I?C BYTE DISPLAY OPERATION 


‘read data’: 8 x SCL + master acknowledge; note 2 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack 
X X X X X X X 0 PHILIPS 
‘read data’: 8 x SCL + master acknowledge; note 2 
PHILIPS 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack 
PHILIPS 


8 x SCL; content loaded into interface during previous 
acknowledge cycle is shifted out over SDA; MSB is DB7; during 
master acknowledge content of DDRAM address 01 is loaded 
into the I2C interface 


8 x SCL; code of letter ‘H’ is read first; during master 
acknowledge code of ‘I’ is loaded into the I?C interface 


0 1 0 0 1 0 0 0 0 

‘read data’: 8 x SCL + no master acknowledge; note 2 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack 
0 0 1 0 0 1 1 


no master acknowledge; after the content of the l@C interface 
register is shifted out no internal action is performed; no new 
data is loaded to the interface register, Data Register (DR) is not 
updated, Address Counter (AC) is not incremented and cursor is 
not shifted 


ce Sea ae 


1. X=don't care. 
2. SDA is left at high-impedance by the microcontroller during the read acknowledge. 
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Table 17 Initialization by instruction, 8-bit interface (note 1) 


STEP DESCRIPTION 


0 0 0 0 1 1 X X X X function set (interface is 8 bits long) 


RS R/V DB7 DB6 DB5 DB4 DB3 DB2 DB1_ DBO |BF cannot be checked before this instruction 
0 0 0 0 1 1 X X X xX function set (interface is 8 bits long) 
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO |BF cannot be checked before this instruction 
0 0 0 0 1 1 xX X xX X function set (interface is 8 bits long) 


BF can be checked after the following instructions; when BF is not checked, 
the waiting time between instructions is the specified instruction time 
(see Table 3) 


Initialization ends 


Note 
1. X=dontt care. 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1_ DBO |BF cannotbe checked before this instruction 
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STEP 


Power-on or unknown state 


Wait 2 ms after Vpp rises above Vpor 
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Initialization ends 
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DESCRIPTION 


BF cannot be checked before this instruction 
function set (interface is 8 bits long) 


RS R/W DB7 DB6 DB5 DB4 | BF cannot be checked before this instruction 
0 


function set (interface is 8 bits long) 


BF cannot be checked before this instruction 
function set (interface is 8 bits long) 


BF can be checked after the following instructions; when BF is not checked, the waiting time 
between instructions is the specified instruction time (see Table 3) 


function set (set interface to 4 bits long) 
interface is 8 bits long 

function set (interface is 4 bits long) 
specify number of display lines 


display off 
Clear display 


entry mode set 
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19 BONDING PAD LOCATIONS 


PCF2113x 


MGG009 


Fig.32 Bonding pad locations. 
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Table 19 Bonding pad locations (dimensions in um) 
All x/y coordinates are referenced to centre of 
chip (see Fig.32). 


swoon | pao [x | y 
oe Ce CC 
sss [6 S=*ditans eat 
Micon [ein 
Roja Sian -e40 
Re [2 ifiena [seo 


1997 Apr 02 


: 


rsvweor [PA 
C37 1877.7 


C32 
31 


46 1877.7 
47 1877.7 
48 1877.7 
49 1877.7 
50 1609.4 
51 1489.4 
52 1369.4 
53 1249.4 
54 1129.4 
55 1009.4 
56 889.4 
57 769.4 
58 649.4 
59 529.4 
61 289.4 
62 169.4 
63 23.2 

64 -96.8 
65 -216.8 
67 456.8 
70 -889.4 
71 1009.4 
72 1129.4 
73 1249.4 
74 1369.4 
75 1489.4 
76 1609.4 


2) 


?) 
ee) 
o 


?) 


©) 
o') 


2 
2 
C27 
C26 


© 


2) 


O) 
no 
ALO 


2 
C23 
C22 

1 
C20 
C19 
C18 
eo 
C16 
1 
14 
13 
12 
11 
C10 


il 
NO 


‘?) 


@) 


©) 
on 


OQ 


OQ 


OQ 
© 


©) 
co 


Oo} N 


ol 


aN 


NO 


ge) 


227 


Philips Semiconductors Product specification 


LCD controller/driver PCF2113x 


Y 
—1877.7 


—1 542.7 
—1422.4 —1877.7 


—1302.4 —1877.7 


1877.7 
1877.7 
-1877.7 
-1877.7 


~462.4 A877 7 


R17 
1877.7 
~1877.7 
-1877.7 
~1877.7 
-1877.7 
~1877.7 
1877.7 
-1877.7 
1877.7 
1877.7 
1877.7 


| 
7 
5 
1 
B1 
BO 


C 
R 
R 
R 
R 
R2 
R 
SC 
SD 
E 
R 
RW 
D 
D 
D 
D 
D 
D 
D 
D 


1877.7 
~1877.7 
1387.7 
1602.3 


77 
78 
79 
81 
82 
83 
84 
85 
87 
88 
oT. 
92 
93 
94 
95 
97 
100 


Vppe2 
Sign C1 


1997 Apr 02 228 


Philips Semiconductors 
a a a a a 


LCD controller/drivers 
A aa um na cee ee ag a 


CONTENTS 

1 FEATURES 

2 APPLICATIONS 

3 GENERAL DESCRIPTION 

3.1 Packages 

4 ORDERING INFORMATION 

5 BLOCK DIAGRAM 

6 PINNING 

7 PIN FUNCTIONS 

7.1 RS: register select (parallel control) 

7.2 R/W: read/write (parallel control) 

7.3 E: data bus clock 

7.4 DBO to DB7: data bus 

7.5 C1 to C60: column driver outputs 

7.6 R1 to R32: row driver outputs 

7.7 VLCD: LCD power supply 

7.8 V0: VLCD control input 

7.9 OSC: oscillator 

7.10 SCL: serial clock line 
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Entry mode set 

Display on/off control 
Cursor/display shift 

Function set 

Set CGRAM address 

Set DDRAM address 

Read busy flag and address 

Write data to CG4RAM or DDRAM 
Read data from CGRAM or DDRAM 


INTERFACE TO MICROCONTROLLER 
(PARALLEL INTERFACE) 


INTERFACE TO MICROCONTROLLER 
(I27C-BUS INTERFACE) 


Characteristics of the I2C-bus 
Bit transfer 

START and STOP conditions 
System configuration 
Acknowledge 

l2C-bus protocol 


LIMITING VALUES 

HANDLING 

DC CHARACTERISTICS 

DC CHARACTERISTICS (PCF2116K) 

AC CHARACTERISTICS 

TIMING CHARACTERISTICS 
APPLICATION INFORMATION 

8-bit operation, 1-line display using internal 
reset 

4-bit operation, 1-line display using internal 
reset 

8-bit operation, 2-line display 

l2C operation, 1-line display 

Initializing by instruction 
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SOLDERING 
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FEATURES 


Single chip LCD controller/driver 


1 or 2-line display of up to 24 characters per line, or 
2 or 4 lines of up to 12 characters per line | 


5 x 7 character format plus cursor; 5 x 8 for kana 
(Japanese syllabary) and user defined symbols 


On-chip: 


= generation of LCD supply voltage (external supply 


also possible) 
— generation of intermediate LCD bias voltages 


— oscillator requires no external components (external 


clock also possible) 
Display data RAM: 80 characters 
Character generator ROM: 240 characters 
Character generator RAM: 16 characters 
4 or 8-bit parallel bus or 2-wire 12C-bus interface 
CMOS/TTL compatible 
32 row, 60 column outputs 
MUX rates 1: 32 and 1:16 
Uses common 11 code instruction set 
Logic supply voltage range, Vpp — Vss: 2.5 to 6 V 
Display supply voltage range, Vpp — Vicp: 3.5 to 9 V 
Low power consumption 
l2@C-bus address: 011101 SAO. 


2 APPLICATIONS 


Telecom equipment 
Portable instruments 
Point-of-sale terminals. ; 


4 ORDERING INFORMATION 


PCF2116xU/10 


PCF2116xU/12 
PCF2114xU/12 


TYPE 
NUMBER) 


Note 
1. The letter ‘x’ in the type number represents the letter of the required built-in character set: A, C or G. 


1 
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eS 
[= [chip on enbiefimearier———SSCSCS~—S—SS 
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/ = [eho with bumps on flexbiefimearier ————SSSCS~S~S~—S 
[= |ecip with bumps on lexbiefm carer ——SSSCS~S~S~CtC 


3 GENERAL DESCRIPTION 


The PCF2116 family of LCD controller/drivers consists of 
the PCF2116x, the PCF2114x and the PCF2116K. 

The term ‘PCF2116’ is used to refer to all devices for 
common information. Specific information is given in 
separate paragraphs. 


The ‘x’ in ‘PCF2116x’ and ‘PCF2114»’ represents a 
specific letter code for a character set in the character 
generator ROM (CGROM). The different character sets 
currently available are specified by the letters A, C, and G 
(see Figs 8 to 10). Other character sets are available on 
request. - 9 | 


The PCF2116 is a low-power CMOS LCD controller and 
driver, designed to drive a split screen dot matrix LCD 
display of 1 or 2 lines by 24 characters or 2 or 4 lines by 
12 characters with 5 x 8 dot format. All necessary 
functions for the display are provided in a single chip, 
including on-chip generation of LCD bias voltages, 
resulting in a minimum of external components and lower 
system power consumption. The chip contains a character 
generator and displays alphanumeric and kana | 
(Japanese) characters. The PCF2116 interfaces to most 
microcontrollers via a 4 or 8-bit bus or via the 2-wire 
l2C-bus. To allow partial Vpp shutdown the ESD protection 
system of the SCL and SDA pins does not use a diode 
connected to Vpp. 


The PCF2116K differs from the other members of the 
family in that: 

° Vicp/Vop generation is different (see Section 8.1) 
e It is available with character set C only (see Fig.9). 


PACKAGE 


230 


Philips Semiconductors Product specification 


LCD controller/drivers PCF2116 family 


5 BLOCK DIAGRAM 


C1 to C60 R1 to R32 


68, 65 to 38 84 to 77, 115 to 122 
35 to 5 76 to 69, 123 to 128, 
1 and 4 


60 32 
COLUMN DRIVERS ROW DRIVERS 
GENERATOR | 6 inoeumne. e0 22 


SHIFT REGISTER 
32-BIT 


VicD 


VicpD 
GENERATOR 


DATA LATCHES 
SHIFT REGISTER ' 
5 x 12-bit 


CURSOR + DATA CONTROL 
7 CHARACTER CHARACTER 


PCF2116 
Vo 


104, 106 


Vpp 


Vs a ee GENERATOR Secon ake 
(CGRAM) 


CHARACTERS 
T1 


TIMING 
GENERATOR 


DISPLAY DATA RAM 
(DDRAM) 80 CHARACTERS 


DISPLAY 
ADDRESS 
COUNTER 


POWER - ON 
RESET 


DATA 
REGISTER (DR) 


INSTRUCTION 
REGISTER (IR) 


/O BUFFER 
a a 


DBO toDB3 DB4toDB7 E R/W RS SCL SDA SAO 


105, 103, 
98, 96 


MGA797 - 1 


Fig.1 Block diagram (pin numbers for LQFP128 package). 
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6 PINNING 


SYMBOL 
R31 


N 
N 


© 


LQFP128 


FFC PAD TYPE DESCRIPTION 


LCD row driver output 
— 2and3 not connected 

LCD row driver output 

LCD column driver outputs 60 to 30 
not connected 

LCD column driver outputs 29 to 2 


not connected 


R32 
C60 to C30 


NO 
Co 


5 to 35 
36 and 37 
38to65 | 
66 and 67 


29 to 59 


C29 to C2 60 to 87 
LCD column driver output 1 

LCD row driver outputs 

LCD row driver outputs 

not connected 

05 1 bit of 8-bit bidirectional data bus 
0 l2?C-bus serial clock input 

107 1/0 1 bit of 8-bit bidirectional data bus 
0 /O l?C-bus serial data input/output 


R24 to R17 
R8 to R1 


69 to 76 
77 to 84 
85 and 86 


89 to 96 
97 to 104 


es) 


7 
L 
DB6 


© 
NJ 
— 


/O 


nlol|a Q/3 3 3 
QO} @]}o =O ° ° 
© 
(ee) 
ol, 
oO) 


UO 


©O 


{DBs 9 109 VO 1 bit of 8-bit bidirectional data bus 
3 LOD supply votage inpuloutput 
94 1 bit of 8-bit bidirectional data bus 
95 113 //O LCD supply voltage input/output 2 

DB3 114 /O 1 bit of 8-bit bidirectional data bus 


- 
QO 
O 
oo 
co 
N 


—_h 
— 


as 


5 


/O LCD supply voltage input/output 3 
1/0 1 bit of 8-bit bidirectional data bus 
not connected 

oscillator/external clock input 

1 bit of 8-bit bidirectional data bus 
supply voltage 2 

1 bit of 8-bit bidirectional data bus 
supply voltage 1 

I2C-bus address pin 

data bus clock input (parallel control) 
ground (logic) 1 

read/write input (parallel control) 

test pad (connect to Vss) 

ground (logic) 2 

register select input (parallel control) 


DB2 


99 to 101 

a5 

DB1 103 

104 
0 
106 
SAO 107 


O|> 
MD} 
O 


/O 


DBO 


on 


/O 


0 0 

wo) 0 

mt ~ 
—_h, 


109 


= 4\2|< 
° || 
—_., 
—_. 


4 
—h 
9 
a-ak, 


—_ — 
—_ [@) 
© oO 


2 
113 
114 

115 to 122 

123 to 128 


Vsse 


ee) 
2) 
NO 


not connected 
R9 to R16 
R25 to R30 


13 to 20 
21 to 26 


LCD row driver outputs 
LCD row driver outputs 


io) 
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R28 


1128] R30 
1127] R29 
1425] R27 
1124] R26 


126 


R31 
n.c. | 2 | 
n.c.{ 3_ 
R32 
Cé0 
C59 | 6 | 
C58 
C57 | 8 | 
C56 { 9 | 
C55 
C54 
C53 
C52 
C51 
C50 
C49 
C48 
C47 
C46 
C45 
C44 
C43 
C42 
C41 
C40 
C39 
C38 
C37 
C36 
C35 
C34 [31 | 
C33 
C32 
C31 
C30 
n.c. | 36 

n.c. [37 


C29 


C28 | 39 | 
C27 | 40 | 
C26 | 41 | 
C25 [ 42 | 
C24 | 43 | 
C23 | 44 | 
C22 | 45 | 
C21 | 46 | 
C20 | 47 | 
C19 [ 48] 
C18| 49] 
C17 | 50 | 
C16 [51 | 
C15 [ 52] 
C14 | 53 | 
C13 | 54 | 
C12 | 55 | 
C11} 56) 
C10] 57| 
C9 | 58 | 
C8 | 59 | 
C7 | 60] 


C6 
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1423] R25 


R/W 


109 Ves 4 


1108] E 


R15 
R14 


1119) R13 


R10 


1115] R9 


1114 


n.c. 
RS 

112 Vgg0 
T1 

106] Vpp4 
DBO 
DB1 


105 
104] Vppe 


1122] R16 
118] R12 
417] R14 
1107] SAO 
103 


121 
120 
116 
113 
111 
110 


Osc 
n.c. 
n.c. 

| 99] nc. 

| 98 | DB2 
VLCD3 
| 96} DB3 
Vicb2 
DB4 
VLicD1 
Vo 
DB5 
190] SDA 
39] DB6 
SCL 

| 87 | DB7 

| 86 | nic. 
n.c. 
R1 

R2 
R3 
R4 

| 80 | R5 


PCF2116 


NILIN |] IN 
Nf [OO] (OO 


NIE IN 
Ww] i 


rep) x IN IN I} JN 
Ni =| ind OH [O 


Oo 
wy 
Nh 
(é) 


ro) 
> 
re) 


a 
Q 
ih) 


61 
C5 | 62] 
C4 | 63 | 
c3 | 64] 


Fig.2 Pin configuration (LQFP128). 
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7 PIN FUNCTIONS 
7.1 RS: register select (parallel control) 


RS selects the register to be accessed for read and write 
when the device is controlled by the parallel interface. 
RS = logic 0 selects the instruction register for write and 
the Busy Flag and Address Counter for read. RS = logic 1 
selects the data register for both read and write. There is 
an internal pull-up on pin RS. 


7.2 RIW: read/write (parallel control) 


R/W selects either the read (R/W = logic 1) or write 
(R/W = logic 0) operation when control is by the parallel 
interface. There is an internal pull-up on this pin. 


7.3 E: data bus clock 


The E pin is set HIGH to signal the start of a read or write 
operation when the device is controlled by the parallel 
interface. Data is clocked in or out of the chip on the 
negative edge of the clock. Note that this pin must be tied 
to logic 0 (Vsg) when I2C-bus control is used. 


7.4 DBO to DB7: data bus 


The bidirectional, 3-state data bus transfers data between 
the system controller and the PCF2116. DB7 may be used 
as the Busy Flag, signalling that internal operations are not 
yet completed. In 4-bit operations the 4 higher order lines 
DB4 to DB7 are used; DBO to DB3 must be left open 
circuit. There is an internal pull-up on each of the data 
lines. Note that these pins must be left open circuit when 
l2C-bus control is used. 


7.5 C1 to C60: column driver outputs 


These pins output the data for pairs of columns. 

This arrangement permits optimized chip-on-glass (COG) 
layout for 4-line by 12 characters. 

7.6 R11 to R32: row driver outputs 


_ These pins output the row select waveforms to the left and 
right halves of the display. 


7.7 Vicp: LCD power supply 

Negative power supply for the liquid crystal display. 
This may be generated on-chip or supplied externally. 
7.8 Vo: Vicp control input 


The input level at this pin determines the generated Vicp 
output voltage. 


1997 Apr 07 


7.9 OSC: oscillator 


When the on-chip oscillator is used this pin must be 
connected to Vpp. An external clock signal, if used, is input 
at this pin. 


7.10 SCL: serial clock line 


Input for the I@C-bus clock signal. 


7.11. SDA: serial data line 


Input/output for the I?C-bus data line. 


7.12 SAO: address pin 


The hardware sub-address line is used to program the 
device sub-address for 2 different PCF2116s on the same 
I2C-bus. 


7.13 T1: test pad 


Must be connected to Vss. Not user accessible. 


8 FUNCTIONAL DESCRIPTION (see Fig.1) 


8.1 LCD supply voltage generator, PCF2114x and 
PCF2116x 


The on-chip voltage generator is controlled by bit G of the 
‘Function set’ instruction and Vo. 


Vo is a high-impedance input and draws no current from 
the system power supply. Its range is between Vss and 
Vpp — 1 V. When Vo is connected to Vpp the generator is 
switched off and an external voltage must be supplied to 
pin Vicp. This may be more negative than Vss. 


When G = logic 1 the generator produces a negative 
voltage at pin Vicp, controlled by the input voltage at 
pin Vo. The LCD operating voltage is given by the 
relationship: 


Vop = 1.8Vpp — Vo 
Where: 

Vopr = Vpop — Vicp 

Vico = Vo — (0.8Vpp) 


When G = logic 0, the generated output voltage Vicp is 
equal to Vo (between Vgs and Vpp). In this instance: 

Vopr = Vpp — Vo 
When Vicp is generated on-chip the Vicp pin should be | 


decoupled to Vpp with a suitable capacitor. Vpp and Vo 
must be selected to limit the maximum value of Vop to 9 V. 


Figure 3 shows the two generator control characteristics. 
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8.2 LCD supply voltage generator, PCF2116K 


In the PCF2116K version, Vo is connected through an 
on-chip resistor (Ro) to Vicp. Resistor Ro has a nominal 
value of 1 MQ and draws a typical current of 4 uA from the 
pin Vo. A constant voltage (equal to 1.34Vpp) is always 
present across Ro. 


The voltage range of the PCF2116K is between Vss and 
Vpp — 0.5 V (see Fig.4). When Vo is connected to Vpp the 
generator is switched off and an external voltage must be 


supplied to pin Vicp. This may be more negative than Vgs. 


When G = logic 1 the generator produces a negative 
voltage at pin Vicp, controlled by the input voltage at 
pin Vo. The LCD operating voltage is given by the 
relationship: 


Vise sven ave 
Where: 

Vop = Vpp — Vicp 

Vicp = Vo — (1.34Vpp) 


When G = logic 0, the generated output voltage Vi cp is 
equal to Vo (between Vsg and Vpp). In this instance: 


Vopr = Vpp — Vo 


8.3. Character generator ROM (CGROM) 


The standard character sets A, C and G are available for 
the PCF2114x and PCF2116x. Standard character set C is 
available for the PCF2116K. 


8.4 LCD bias voltage generator 


The intermediate bias voltages for the LCD display are 
also generated on-chip. This removes the need for an 
external resistive bias chain and significantly reduces the 
system power consumption. The optimum levels depend 
on the multiplex rate and are selected automatically when 
the number of lines in the display is defined. 


The optimum value of Vop depends on the multiplex rate, 
the LCD threshold voltage (Vin) and the number of bias 
levels and is given by the relationships in Table 1.Using a 
5-level bias scheme for 1 : 16 MUX rate allows Vop <5 V 
for most LCD liquids. The effect on the display contrast is 
negligible. 


Table 1 Optimum values for Vop 


MUX RATE 


NUMBER OF BIAS 
LEVELS 
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8.5 Oscillator 


The on-chip oscillator provides the clock signal for the 
display system. No external components are required. 
Pin OSC must be connected to Vpp. 


8.6 External clock 


lf an external clock is to be used, it must be input at 

pin OSC. The resulting display frame frequency is given by 
frame = V2304fosc . A clock signal must always be present, 
otherwise the LCD may be frozen in a DC state. 


8.7 Power-on reset 


The power-on reset block initializes the chip after 
power-on or power failure. 


8.8 Registers 


The PCF2116 has two 8-bit registers, an Instruction 
Register (IR) and a Data Register (DR). The Register 
Select signal (RS) determines which register will be 
accessed. 


The instruction register stores instruction codes such as 
‘Display clear’ and ‘Cursor shift’, and address information 
for the Display Data RAM (DDRAM) and Character 
Generator RAM (CGRAM). The instruction register can be 
written to, but not read, by the system controller. 


The data register temporarily stores data to be read from 
the DDRAM and CGRAM. When reading, data from the 
DDRAM or CGRAM corresponding to the address in the 
Address Counter is written to the data register prior to 
being read by the “Read data’ instruction. 


8.9 Busy Flag 


The Busy Flag indicates the free/busy status of the 
PCF2116. Logic 1 indicates that the chip is busy and 
further instructions will not be accepted. The Busy Flag is 
output to pin DB7 when RS = logic 0 and R/W = logic 1. 
Instructions should only be written after checking that the 
Busy Flag is logic 0 or waiting for the required number of 
clock cycles. 
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MGA798 


a. High-voltage mode Vop = 1.8Vpp — Vo. 


0 1 2 3 4 > yy, 8 


MGA799 


b. Buffer mode Vop = Vop = Vo. 


Fig.3 Vop as a function of Vo control characteristics. 
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6 
Vo 


MBH667 


a. High-voltage mode Vop = 2.34Vpp — Vo. 


MGA799 


b. Buffer mode Vop = Vpp — Vo. 


Fig.4 Vop as a function of Vo control characteristics (PCF2116K). 
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8.10 Address Counter (AC) 


The Address Counter assigns addresses to the DDRAM 
and CGRAM for reading and writing and is set by the 
instructions ‘Set CGRAM address’ and 

‘Set DDRAM address’. After a read/write operation the 
Address Counter is automatically incremented or 
decremented by 1.The Address Counter contents are 
output to the bus (DBO to DB6) when RS = logic 0 and 
R/W = logic 1. 


8.11 Display data RAM (DDRAM) 


The display data RAM stores up to 80 characters of 
display data represented by 8-bit character codes. 
RAM locations not used for storing display data can be 
used as general purpose RAM. The basic 
DDRAM-to-display mapping scheme is shown in Fig.5. 
With no display shift the characters represented by the 
codes in the first 12 or 24 RAM locations starting at 
address 00 in line 1 are displayed. Subsequent lines 
display data starting at addresses 20, 40, or 60 Hex. 
Figs 6 and 7 show the DDRAM-to-display mapping 
principle when the display is shifted. 


The address range for a 1-line display is 00 to 4F; for a 
2-line display from 00 to 27 (line 1) and 40 to 67 (line 2); 
for a 4-line display from 00 to 13, 20 to 33, 40 to 53 and 
60 to 73 for lines 1, 2, 3 and 4 respectively. 

For 2 and 4-line displays the end address of one line and 
the start address of the next line are not consecutive. 
When the display is shifted each line wraps around 
independently of the others (Figs 6 and 7). 


When data is written into the DDRAM wrap-around occurs 
from 4F to 00 in 1-line mode and from 27 to 40 and 

67 to 00 in 2-line mode; from 13 to 20, 33 to 40, 53 to 60 
and 73 to 00 in 4-line mode. 


8.12 Character generator ROM (CGROM) 


The character generator ROM generates 240 character 
patterns in 5 x 8 dot format from 8-bit character codes. 
Figures 8 to 10 show the character sets currently 
available. 
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8.13 Character generator RAM (CGRAM) 


Up to 16 user-defined characters may be stored in the 
character generator RAM. The CGROM and CGRAM use 
a common address space, of which the first column is 
reserved for the CGRAM (see Fig.8). Figure 11 shows the 
addressing principle for the CGRAM. 


8.14 Cursor control circuit 


The cursor control circuit generates the cursor (underline 
and/or character blink as shown in Fig.12) at the DDRAM 
address contained in the Address Counter. When the 
Address Counter contains the CGRAM address the cursor 
will be inhibited. 


8.15 Timing generator 


The timing generator produces the various signals 
required to drive the internal circuitry. Internal chip 
operation is not disturbed by operations on the data buses. 


8.16 LCD row and column drivers 


The PCF2116 contains 32 row and 60 column drivers, 
which connect the appropriate LCD bias voltages in 
sequence to the display, in accordance with the data to be 
displayed. The bias voltages and the timing are selected 
automatically when the number of lines in the display is 
selected. Figures 13 and 14 show typical waveforms. 


In 1-line mode (1 : 16) the row outputs are driven in pairs: 
R1/R17, R2/R18 for example. This allows the output pairs 
to be connected in parallel, providing greater drive 
capability. 


Unused outputs should be left unconnected. 
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Display non-displayed DDRAM addresses 
Position 1 2 3 4 5 22 23 24 errr 
ceo) flo] ————— | fe fof [=== epee 
DDRAM oS ee ee ee a = 
Address 1-line display 

(hex) 


<< 
01] 02] 03] 04 15|16117118}19|——-———- 24125126127! line 1 
ooram |22[21):e[ 02) 04] ---~— ]15]16] 7|18]19[----—- 2] 25[22] 271, tne 
Address 


hex one fe oie 
me lee lela] =~ [ff] e[---——- fee oe]or} no 


2-line display MLA792 


non-displayed DDRAM addresses 
(. B84 e678. 8: 40-4142 = 


01/02 103104] 05 09] on 0c OE line 1 


4 line display MLA793 


DDRAM 
Address 
(hex) 


line 3 


Fig.5 DDRAM-to-display mapping; no shift. 
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Display Dieplay 


Position 2345 9 23 24 Position 23 45 22 23 24 


(decimal) (decimal) 
eae) [Toa] of ee|ta] ————— [a] ie 10 Sei else es ee 


Address ; ; Address 1-line displa 
(hex) 1-line display (hex) play 


ool =|e[————— [fe] re ele [=[————— Fe] 
DDRAM DDRAM 
hve file 


2-line display MLA802 2-line display MLA815 


123 45 6 7 8 9 10 11 12 23 45 6 7 8 9 10 11 12 


BGECCECEEEEE ee[e[=[[9[2]4[5[x] 
PPEPPEPPPER PEEEEEPPEREE] 


DDRAM DDRAM 


Address Address 
(hex) (hex) 


a 2 | NSCOmmmno cia 
ey PEPER] ves 


4-line display “44808 4-line display MLA816 


Fig.6 DDRAM-to-display mappi7ng; right shift. | Fig.7 DDRAM-to-display mapping; left shift. 
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upper 
lower + "S | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0441 | 1000 | 1001 
6 bits 
XXXX 
XXXX 
- XXXX 
XXXX 
XXXX 
| 
XXXX : 
a 
a 
a 
XXxx 0110 7 . 
. 
a 
a 
Xxxx 0111 8 ; 
- 
ia | a 
Bans ns 
Xxxx 1000 9 euwa|\ <a 
BEEBE ia 
a Th 7 " " 
= o| es |e 2 on 
Xxxx 1001 10 eae ] bah . a [ 
asa naa Be wa wee ; caw 
a Ean BERESS a i a os 
| i an a 
Saris 4010 14 Fig rans an = =m ~ ala ty geen ae le = 
a a B BE a i a a SEE a a 
a a an a a a a i | 
BEE an BEERS an BEER EE Ben gag 
i ees | a a 
7 a was | tamer 
Xxxx 1011 12 eee ee ‘ie te . 
i an : ae” a 
Tht a a a m7 . 
: a : BERRA B = 7 a 
XXxx 1100 13 a8 a = inne . a . 
a | a a nw a 
a a EEE RE a Ban t | | 
L— a ) m OE a 
a Beaune =a i i | : 
see ae) lS ce EP ee pec Sar 
:) a = a a i 
a Ba a Lt a a 
a az nu 
ae ria ai a 
Xxxx 1110 15: Pens ay len cae 
ag a ae a a = 
an a a o 
a ” unre _s 
XXxx 1111 16 ae cae en ae 
az a i | i 
. - ann 
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Fig.8 Character set ‘A’ in CGROM: PCF2116A; 
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PCF2114A. 


1110 | 1111 


MLB245 - 1 
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0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111 
CG 


MLB895 


x< 
Pad 
ss 
~< 
are 
=& 
oO 
— 
= 
Bh 


= 
o1 


— 
Oo 


Fig.9 Character set ‘C’ in C@ROM: PCF2116C; PCF2114C. 
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upper 
lower 4 bits 0000 | 0001 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111 
6 bits cee 
CG a ij 
Xxxx 0000 RAM 1 po fe PEER SS ba a oF 
a a a i 
Xxxx 0001 2 = . s 
a es 
- 
a 
ae Brae [eg aie oe 
and ae 
“SS ous 
“SS Cc 
an 
a 
XXXX 0111 : : a mes 
Bn | 
a | 
a a 
7 
xxxx 1000 " . 
: a 
. . 
. 
XXxx 1001 7 " 
XxXxx 1010 
tz : 
. 
XXXX 1011 rl 
== |e 
a 
a |p 
XXXX 1100 : 
» la 
a 
s «|. m= {mole ee 
mas 1101 sar| os (eee, “s | 3 
a 8 @ a an 5B a ag 
na -=oR a a | 
a a aaa a a 
a a a t | | i |] 
Xxxx 1110 » |n oo s : "a [semen 
aS Ss @ ff an a BEEBE a i 
a ff @ an a a BZ mo gS a Ben 
B 8 a a a a o6 a 
a i a a an os 
an : a BE eal 
Xxxx 1111 16 aioe | Te aS =e 
a Pa mee 
gE Tao | 
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Fig.10 Character set ‘G’ in C@ROM: PCF2116G; PCF2114G. 
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character codes CGRAM character patterns 
(DDRAM data) . address (CGRAM data) 


7 6 5 4 3 2 1 «0 4 3 2 1 0 


higher lower lower 
~<«— order order—» order —» 
bits bits bits 

00000 0 0 0 0 0 0 
0 Oo 1 
0 1 #0 character 
Oo 1 14 pattern 
1 0 0° example 1 
10 1 
1 #1 #0 
1 #1 41 cursor 

position 

00000 0 0 1 0 0 0 
0 0 1 
01 0 character 
0 1 | pattern 
1 0 0 example 2 
1 0 1 
1 #1 #0 
1 1 1 

000 00 0 1 0 

MGA800 - 1 


Character code bits 0 to 3 correspond to CGRAM address bits 3 to 6. 


CGRAM address bits 0 to 2 designate character pattern line position. The 8th line is the cursor position and display is performed by logical OR with 
the cursor. Data in the 8th line will appear in the cursor position. 


Character pattern column positions correspond to CGRAM data bits 0 to 4, as shown in Fig.11 (bit 4 being at the left end). 


As shown in Figs 8 and 11, CGRAM character patterns are selected when character code bits 4 to 7 are all logic 0. CGRAM data = logic 1 
corresponds to selection for display. 


Only bits 0 to 5 of the CGRAM address are set by the ‘Set CGRAM address’ instruction. Bit 6 can be set using the ‘Set DDRAM address’ instruction 
or by using the auto-increment feature during CGRAM write. All bits 0 to 6 can be read using the ‘Read busy flag and address’ instruction. 


Fig.11 Relationship between CGRAM addresses and data and display patterns. 
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oe 


alee —a 


“= cursor MGA801 


5 x 7 dot character font alternating display 


cursor display example blink display example 


Fig.12 Cursor and blink display examples. 
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state 1 (ON) 
state 2 (ON) 


ROW 1 


ROW 9 


1-line display 
(1:16) 


ROW2 V3/V4— 


COL 1 V3 /V4— 


COL2 V3/V4— 


0.25 Vop eee 
state1 OV 
- 0.25 Vop — 


~ Vop 


VoP 


0.25 Vop — 
state2 OV 
- 0.25 Vop — 


~ Vop 


PEELE EET EEE EEE EP UEP ETE ETP EE ELT Lp seaasoe. 
123 16'1 23 16 


Fig.13 Typical LCD waveforms; 1-line mode. 
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ROW 1 


ROW 9 


ROW 2 


COL 1 


COL 2 


0.15 Vop — 
state1 OV 
-0.15 Vop — 


~ Yop 


Vop 


0.15 Vop — 
state2 OV 
-0.15 Vop — 


=Vop>— 
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PEEP PEEP] eas - 1 
123 32'123 32 
Fig.14 Typical LCD waveforms; 2-line mode. 
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me 
es, 
Lal 


state 1 (ON) 
state 2 (ON) 


2-line display 
(1:32) 
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8.17 Programming MUX 1 : 16 displays with the With the ‘Function set’ instruction M and N are set to 0, 0. 
PCF2114x Figures 15 to 17 show DDRAM addresses of the display 


The PCE2114 b fen characters. The second row of each table corresponds to 
- Pe Se: either the right half of a 1-line display or to the second line 
e 1-line mode to drive a 2-line display of a 2-line display. Wrap around of data during display shift 


e 2x 12characters with MUX rate 1 : 16, resulting in or when writing data is non-standard. 
better contrast. The internal data flow of the chip is 
optimized for this purpose. 


display position 


conaweares [Tore ]o]s]o[o]@]o[o]o' 


display position 1 


f 
conmwaares [oof fee [e]o[u]els[u[s[e]o 


MLB899 


Fig.15 DDRAM-to-display mapping; no shift (PCF2114x). 


display position 


contains: [eT for] [o [ow] «fo [a] o]o] 


display position 1 


7 
conaneasens [oo [oc [olor ]o[n[elolulsle 


MLB900 


Fig.16 DDRAM-to-display mapping; right shift (PCF2114x). 


display position 


connec [fe [o [us] «lo lo [elmo lo 


display position 


conaneaves [ooo [w[u[e]o[«[ solv] e 


MLB901 


Fig.17 DDRAM-to-display mapping; left shift (PCF2114x). 
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8.18 Programming MUX 1 : 32 displays with the 
PCF2114x 


To drive a 2-line by 24 characters MUX 1 : 32 display, use 
instruction ‘Function set’ M, N to 0, 1. Note that the right 
half of the display needs mirrored column connection 
compared to a display driven by a PCF2116x. 


To drive a 4-line by 12 characters MUX 1 : 32 display the 
PCF2116x operating instructions apply. There is no 
functional difference between the PCF2114x and the 
PCF2116x in this mode. For such an application 

set M, N to 1, 1 with the ‘Function set’ instruction. 


8.19 Reset function 


The PCF2116 automatically initializes (resets) when 
power is turned on. After reset the chip has the following 
state. 


Table 2 State after reset 


DESCRIPTION 


1-line display 


voltage 
generator; 


display clear 


function set 


display on/off 


[M,N = 0 | 
G=0 

Vicp = Vo 
=o [asplay of 
S=0 


[B=0 [Dinko 


4 entry mode set | I/D +1 (increment) 
fs=0|noshit 


5 Default address pointer to DDRAM. The Busy 
Flag (BF) indicates the busy state (BF = logic 1) 


until initialization ends. The busy state lasts 
2 ms. The chip may also be initialized by 
software. See Figs 28 and 29. 


I?C-bus interface reset 
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9 INSTRUCTIONS 


Only two PCF2116 registers, the Instruction Register (IR) 
and the Data Register (DR) can be directly controlled by 
the microcontroller. Before internal operation, control 
information is stored temporarily in these registers to allow 
interface to various types of microcontrollers which 
operate at different speeds or to allow interface to 
peripheral control ICs. 

The PCF2116 operation is controlled by the instructions 
shown in Table 3 together with their execution time. 
Details are explained in subsequent sections. 


Instructions are of 4 categories, those that: 


1. Designate PCF2116 functions such as display format, 
data length, etc. ; 


2. Set internal RAM addresses 
3. Perform data transfer with internal RAM 
4. Others. 


In normal use, category 3 instructions are used most 
frequently. However, automatic incrementing by 1 (or 
decrementing by 1) of internal RAM addresses after each 
data write lessens the microcontroller program load. The 
display shift in particular can be performed concurrently 
with display data write, enabling the designer to develop 
systems in minimum time with maximum programming 
efficiency. 


During internal operation, no instruction other than 
‘Read busy flag and address’ will be executed. 


Because the Busy Flag is set to logic 1 while an instruction 
is being executed, check to make sure it is on logic 0 
before sending the next instruction or wait for the 
maximum instruction execution time, as given in Table 3. 
An instruction sent while the Busy Flag is HIGH will not be 
executed. 
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Table 3 Instructions (note 1) 
REQUIRED 
CLOCK 


INSTRUCTION DB7 | DB6 DESCRIPTION 
CYCLES@) 


a 
Clear oar 2 {Noon entire aon and sets DDRAM 
address 0 in Address Counter. 
lentil Home Sets DDRAM address 0 in Address Counter. 
Also returns shifted display to original position. 
-DDRAM contents remain unchanged. 


Entry mode set S_ | Sets cursor move direction and specifies shift 
of display. These operations are performed 
during data write and read. 

Display control 1 C Sets entire display on/off (D), cursor oe oe 
and blink of cursor sete character (B 


DL Sets interface data length Db. number of 
display lines (N, M) and voltage generator 
control (G). 


Reads Busy Flag (BF) indicating internal 
operation is being performed and reads 
Address Counter contents. 


Read busy flag 
and address 


e 1 App Sets DDRAM address. 


Notes 


1. In the l@C-bus mode the DL bit is don't care. 8-bit mode is assumed. 
In the I2C-bus mode a control byte is required when RS or R/W is changed; control byte: Co, RS, R/W, 0, 0, 0, 0, 0; command byte: DB7 to DBO. 


2. Example: fosc = 150 kHz, Tg = = 6.67 us; 3 cycles = 20 us, 165 cycles = 1.1 ms. 


osc 


SIBALUP/JO||O4JUOD GOI 


Awey 9LLZ40d 


SJOJONPUODIWES sdijiud 


uoneoyioeds jonpold 
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Table 4 Command bit identities 


mm a 
display freeze display shift 
iD display off display on 


/D 
/C 

R/L 

DL 


N, (M = 0) 
PCF2116x 1 line x 24 characters; MUX 1 : 16 2 lines x 24 characters; MUX 1 : 32 
PCF2114x 2 line x 12 characters; MUX 1: 16 2 lines x 24 characters; MUX 1 : 32 


end of internal operation internal operation in progress 


Co last control byte, only data bytes to follow next two bytes are a data byte and another 
control byte 


ZK X XIREXZK = XN 
IKK XDREXZK XK 


write address counter read read 


instruction | busy flag and | data register 


Fig.18 4-bit transfer example. 
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internal | internal operation | | 


instruction | busy flag | busy flag | instruction 


write check check write MGA805 


IR7, IR3: instruction 7* bit, 3" bit. 
AC3: Address Counter 3" bit. 


Fig.19 An example of 4-bit data transfer timing sequence. 


instruction busy flag busy flag busy flag instruction 
write check check check write MGA806 


Fig.20 Example of Busy Flag check timing sequence. 
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9.1 Clear display 


‘Clear display’ writes space code 20 (hexadecimal) into all 
DDRAM addresses (The character pattern for character 
code 20 must be blank pattern). Sets the DDRAM Address 
Counter to logic 0. Returns display to its original position if 
itwas shifted. Thus, the display disappears and the cursor 
or blink position goes to the left edge of the display 

(the first line if 2 or 4 lines are displayed). Sets entry mode 
I/D = logic 1 (increment mode). S of entry mode does not 
change. 


The instruction ‘Clear display’ requires extra execution 
time. This may be allowed for by checking the busy-flag 
(BF) or by waiting until 2 ms has elapsed. The latter must 
be applied where no read-back options are foreseen, as in 
some chip-on-glass (COG) applications. 


9.2 Return home 


‘Return home’ sets the DDRAM Address Counter to 

logic 0. Returns display to its original position if it was 
shifted. DDRAM contents do not change. The cursor or 
blink position goes to the left of the display (the first line if 2 
or 4 lines are displayed). I/D and S of entry mode do not 
change. 


9.3 Entry mode set 
9.3.1 I/D 


When I/D = logic 1 (0) the DDRAM or CGRAM address 
increments (decrements) by 1 when data is written into or 
read from the DDRAM or CGRAM. The cursor or blink 
position moves to the right when incremented and to the 
left when decremented. The cursor and blink are inhibited 
when the CGRAM is accessed. 


93.2 S$ 


When S = logic 1, the entire display shifts either to the right 
(I/D = logic 0) or to the left (I/D = logic 1) during a DDRAM 
write. Thus it looks as if the cursor stands still and the 
display moves. The display does not shift when reading 
from the DDRAM, or when writing into or reading out of the 
CGRAM. When S = logic 0 the display does not shift. 


9.4 Display on/off control 


9.4.1 D 


The display is on when D = logic 1 and off when 
D = logic 0. Display data in the DDRAM are not affected 
and can be displayed immediately by setting D to logic 1. 
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942 C 


The cursor is displayed when C = logic 1 and inhibited 
when C = logic 0. Even if the cursor disappears, the 
display functions I/D, etc. remain in operation during 
display data write. The cursor is displayed using 5 dots in 
the 8" line (see Fig.12). 


943 B 


The character indicated by the cursor blinks when 

B = logic 1. The blink is displayed by switching between 
display characters and all dots on with a period of 

1 second when fosc = 150 KHz (See Fig.12). At other clock 
frequencies the blink period is equal to 150 KHZ/fogc. 

The cursor and the blink can be set to display 
simultaneously. 


9.5 Cursor/display shift 


‘Cursor/display shift moves the cursor position or the 
display to the right or left without writing or reading display 
data. This function is used to correct a character or move 
the cursor through the display. In 2 or 4-line displays, the 
cursor moves to the next line when it passes the last 
position (40 or 20 decimal) of the line. When the displayed 
data is shifted repeatedly all lines shift at the same time; 
displayed characters do not shift into the next line. 

The Address Counter (AC) content does not change if the 
only action performed is shift display, but increments or 
decrements with the cursor shift. 


9.6 Function set 


9.6.1 DL (PARALLEL MODE ONLY) 


Defines interface data width when the parallel data 
interface is used. 


Data is sent or received in bytes (bits DB7 to DBO) when 
DL = logic 1, or in two 4-bit nibbles (DB7 to DB4) when 
DL = logic 0. When 4-bit width is selected, data is 
transmitted in two cycles using the parallel bus). 


When using the I2C-bus interface the DL should not 
previously have been set to 0 using the parallel interface. 


9.6.2 N,M 


Sets number of display lines. 


(1) In a 4-bit application DB3 to DBO are left open (internal 
pull-ups). Hence in the first ‘Function set’ instruction after 
power-on, G and H are set to 1. A second ‘Function set’ must 
then be sent (2 nibbles) to set G and H to their required 
values. 


253 


Philips Semiconductors 


Product specification 


LCD controller/drivers 


PCF2116 family 


9.6.3 G 


Controls the Vicp voltage generator characteristic. 


9.7 Set CGRAM address 


‘Set CGRAM address’ sets bit 0 to 5 of the C@RAM 
address (Acc in Table 3) into the Address Counter 
(binary A[5] to A[O]). Data can then be written to or read 
from the CGRAM. 


Only bits 0 to 5 of the CGRAM address are set by the 
‘Set CGRAM address’ instruction. Bit 6 can be set using 
the ‘Set DDRAM address’ instruction or by using the 
auto-increment feature during CGRAM write. All bits 0 to 6 
can be read using the ‘Read busy flag and address’ 
instruction. 


9.8 Set DDRAM address 


‘Set DDRAM address’ sets the DDRAM address (App in 
Table 3) into the Address Counter (binary A[6] to A[0)). 
Data can then be written to or read from the DDRAM. 


Hexadecimal address ranges. 


ADDRESS 


FUNCTION 
1-line by 24; 2114x/2116x 
2-line by 12;2114x 
2-line by 24; 2114x/2116x 
4-line by 12; 2114x/2116x 


00 to 4F 
00 to OB and OC to 4F 


00 to 27 and 40 to 67 


00 to 13, 20 to 33, 40 to 53 
and 60 to 73 


9.9 Read busy flag and address 


‘Read busy flag and address’ reads the Busy Flag (BF). 
BF = logic 1 indicates that an internal operation is in 
progress. The next instruction will not be executed until 
BF = logic 0, so BF should be checked before sending 
another instruction. 


At the same time, the value of the Address Counter (Ac in 
Table 3) expressed in binary A[6] to A[0] is read out. The 
Address Counter is used by both CGRAM and DDRAM, 
and its value is determined by the previous instruction. 


9.10 Write data to CGRAM or DDRAM 


Writes binary 8-bit data D[7] to D[O] to the CGRAM or the 
DDRAM. 


Whether the CGRAM or DDRAN is to be written into is 
determined by the previous specification of CGRAM or 
DDRAM address setting. 
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After writing, the address automatically increments or 
decrements by 1, in accordance with the entry mode. 
Only bits D[4] to D[O] of CGRAM data are valid, bits 
D[7] to D[5] are ‘don’t care’. 


9.11 Read data from CGRAM or DDRAM 


Reads binary 8-bit data D[7] to D[0] from the CGRAM or 
DDRAM. 


The most recent ‘Set address’ instruction determines 
whether the CGRAM or DDRAM is to be read. 


The ‘Read data’ instruction gates the content of the data 
register (DR) to the bus while E = HIGH. After E goes LOW 
again, internal operation increments (or decrements) the 


AC and stores RAM data corresponding to the new AC into 


the DR. 


Remark: the only three instructions that update the data 
register (DR) are: 


e ‘Set CGRAM address’ 
e ‘Set DDRAM address’ 
e ‘Read data’ from CGRAM or DDRAM. 


Other instructions (e.g. ‘Write data’, ‘Cursor/Display shift’, 
‘Clear display’, ‘Return home’) will not modify the data 
register content. 


10 INTERFACE TO MICROCONTROLLER 
(PARALLEL INTERFACE) 


The PCF2116 can send data in either two 4-bit operations 
or one 8-bit operation and can thus interface to 4-bit or 
8-bit microcontrollers. 


In 8-bit mode data is transferred as 8-bit bytes using the 
8 data lines DBO to DB7. Three further control lines E, RS, 
and R/W are required. 


In 4-bit mode data is transferred in two cycles of 4-bits 
each. The higher order bits (corresponding to DB4 to DB7 
in 8-bit mode) are sent in the first cycle and the lower order 
bits (DBO to DBS in 8-bit mode) in the second. | 
Data transfer is complete after two 4-bit data transfers. 

It should be noted that two cycles are also required for the 
Busy Flag check. 4-bit operation is selected by instruction. 
See Figs 18, 19 and 20 for examples of bus protocol. 


In 4-bit mode pins DB3 to DBO must be left open-circuit. 
They are pulled up to Vpp internally. 
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11 INTERFACE TO MICROCONTROLLER 
(I2C-BUS INTERFACE) 


11.1. Characteristics of the I2C-bus 


The |#C-bus is for bidirectional, two-line communication 
between different ICs or modules. The two lines are a 
serial data line (SDA) and a Serial clock line (SCL). 

Both lines must be connected to a positive supply via a 
pull-up resistor. Data transfer may be initiated only when 
the bus is not busy. 


11.2 Bit transfer 


One data bit is transferred during each clock pulse. 

The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
at this time will be interpreted as a control signal. 


11.3. START and STOP conditions 


Both data and clock lines remain HIGH when the bus is not 
busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH is defined as the START condition (S). 

A LOW-to-HIGH transition of the data line while the clock 
is HIGH is defined as the STOP condition (P). 


11.4 System configuration 


A device generating a message is a ‘transmitter’, a device 
receiving a message is the ‘receiver’. The device that 
controls the message is the ‘master and the devices which 
are controlled by the master are the ‘slaves’. 


1997 Apr 07 


11.5 Acknowledge 


The number of data bytes transferred between the START 
and STOP conditions from transmitter to receiver is 
unlimited. Each byte of eight bits is followed by an 
acknowledge bit. The acknowledge bit is a HIGH level 
signal put on the bus by the transmitter during which time 
the master generates an extra acknowledge related clock 
pulse. A slave receiver which is addressed must generate 
an acknowledge after the reception of each byte. Also a 
master receiver must generate an acknowledge after the 
reception of each byte that has been clocked out of the 
slave transmitter. The device that acknowledges must 
pull-down the SDA line during the acknowledge clock 
pulse, so that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse (set-up and 
hold times must be taken into consideration). A master 
receiver must signal an end of data to the transmitter by 
not generating an acknowledge on the last byte that has 
been clocked out of the slave. In this event the transmitter 
must leave the data line HIGH to enable the master to 
generate a STOP condition. 


11.6 12C-bus protocol 


Before any data is transmitted on the I?C-bus, the device 
which should respond is addressed first. The addressing is 
always carried out with the first byte transmitted after the 
start procedure. The I2C-bus configuration for the different 
PCF2116 READ and WRITE cycles is shown in 

Figs 25 to 27. 
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data line | change | 
stable; | of data | 


data valid | allowed | MBC621 


Fig.21 Bit transfer. 


a ae Tae | 


Ben ne ee ed 


START condition STOP condition ngos 


Fig.22 Definition of START and STOP conditions. 
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MASTER SLAVE MASTER 
TRANSMITTER/ Beha TRANSMITTER/ Bm eee nie TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER 


MGA807 


Fig.23 System configuration. 


DATA OUTPUT _ 
BY TRANSMITTER - 
| 


| | not acknowledge 


DATA OUTPUT ~ 


BY RECEIVER 


acknowledge 


SCL FROM P A 
MASTER _ 


S 
teal clock pulse for 


at ON MBC602 acknowledgement 


Fig.24 Acknowledgement on the |?C-bus. 
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8S¢ 


acknowledgement 
from PCF2116 


013110 pL CONTROL BYTE ea a DATA ne CONTROL BYTE ieee DATA iia 


slave ees ae 2n= 0 bytes 1 i aa n=0 7. ae 


a Co Co an 
data pointer 


MBH668 
XQ y 
———_—— 
PCF2116 hs 
slave address R/W 


Fig.25 Master transmits to slave receiver; WRITE mode. 
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6S¢ 


acknowledgement 
from PCF2116 


mae address fe 2n= 0 bytes 2 bytes 
Co Co 
acknowledgement 
from PCF2116 no acknowledgement 


re master 


SLAVE 
ADDRESS 


last byte 


update 
data pointer 


MGA809 - 1 


(1) Last data byte is a dummy byte (may be omitted). 


Fig.26 Master reads after setting word address; write word address, set RS/RW; READ data. 
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acknowledgement acknowledgement no acknowledgement 
from PCF2116 from master from master 


S 
SLAVE 


last byte 


update 
data pointer MGA810 - 1 


Fig.27 Master reads slave immediately after first byte; READ mode (RS previously defined). 
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12 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
Vpp supply voltage 


LCD supply voltage Vpp — 11 


lpp, Iss, ILep | Vpp, Vss Or Vicp current a 


total power dissipation 
[Po | power dissipation per output 00 mw 


10 
50 
65 


13 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices (see “Handling MOS Devices’). 
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14 DC CHARACTERISTICS 
Vpp = 2.5 to 6 V; Vss = 0 V; Vicp = Vpp — 3.5 to Vpp — 9 V; Tamb = —40 °C to +85 °C; unless otherwise specified. 


[svweo. | _Paraweten | _conomons | wm tye. | wax | uNT 
Supe 


Von [sappy wots a 
Vico [LCD supply vote ———— ae 
Ipp 


supply current external Vicp note 1 

supply current 1 

supply current 2 Vpp = 5 V; Vop = 9 V; 
lose = 150 kHz; 
Tamb >= 25 od @ 

supply current 3 Vpp = 3 V; Vop = 5 V; 
ion = 150 kHz; 
Tarn = 25 1G 

supply current internal Vicp notes 1, 2 and 8 

supply current 4 

supply current 5 Vpp = 5 V; Vop = 9 V; 
Tose = 150 kHz; 
Tamb = 25 °C 

supply current 6 Vpp = 3 V; Vop = 5 V; 
Ie = 150 kHz; 
‘arab = 25 a © 

Vicp input current notes 1 and 7 


Logic 

Vind LOW level input voltage E, RS, 
R/W, DBO to DB7 and SAO 

Vind HIGH level input voltage E, RS, 
R/W, DBO to DB7 and SAO 


L 
e) 
< 
e) 
—) 
a 


LOW level input voltage OSC 
HIGH level input voltage OSC 
LOW level input voltage Vo 


HIGH level input voltage Vo 


0.1 


lid leakage current OSC, Vo, E, RS, 
R/W, DBO to DB7 and SAO 
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input capacitance note 5 
LOW level output current (SDA) Vo. = 0.4 V; Vpp = 5 V 


row output resistance R1 to R32 
column output resistance C1 to soe 


bias voltage tolerance R1 to R382 note poe 8 
and C1 to C60 


LCD supply voltage (Vi cp) 
tolerance 


1. LCD outputs are open-circuit; inputs at Vpp or Vss; Vo = Vpp; bus inactive; internal or external clock with duty cycle 
50% (Ipp1 only). 


2. LCD outputs are open-circuit; LCD supply voltage generator is on; load current at Vicp = 20 LA. 
Resets all logic when Vpp < Vpor. 


4. When the voltages are above or below the supply ee Vpp or Vgg, an input current may flow; this current must 
not exceed +0.5 mA. 


5. Tested on sample basis. 


6. Resistance of output terminals (R1 to R32 and C1 to C60) with load current = 150 WA; Vop = Vpp — Vicp = 9 V; 
outputs measured one at a time; (external Vi cp). | 


LCD outputs open-circuit; external Vicp. 
8. Maximum value occurs at 85 °C. 


15 DC CHARACTERISTICS (PCF2116K) 
Vop = 2.5 to 6 V; Vssg = 0 V; Vicp = Vpp — 3.5 to Vpp — 9 V; Tamb = —40 °C to +85 °C; unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS 
LCD supply volags ees =: 
: ee 


voltage generator control input Vpp-0.5 |V 
voltage 

voltage generator control input Tamb = 25 °C; note 1 1000 | 1300 kQ 
resistance 


Note 
1. Ro has a temperature coefficient of resistance of +0.6%/K. 
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16 AC CHARACTERISTICS 
Vpp = 2.5 to 6.0 V; Vss = 0 V; Vicp = Vpp — 3.5 V to Vpp — 9 V; Tamb = —40 °C to +85 °C; unless otherwise specified. 
MAX. UNIT 


65 100 Hz 
150 225 kHz 


SYMBOL PARAMETER MIN. 


fer LCD frame frequency (internal clock); note 1 


osc external clock frequency 


ii 

Oo 

- ; 
~< 
U 


Bus timing characteristics: Parallel Interface; notes 1 and 2 


WRITE OPERATION (WRITING DATA FROM MICROCONTROLLER TO PCF2116) 


o1 
© 
>) 


Toy enable cycle time 
PWep 


tasu 
taH address hold time 


NO 
NO 
jen) 


enable pulse width 


O1 
io) 


address set-up time 


=) 
ep) 


3} 5D] 5 
Ain! DN 


a) 
7) 


tpsw data set-up time 


typ data hold time 


READ OPERATION (READING DATA FROM PCF2116 TO MICROCONTROLLER) 


enable cycle time 500 
enable pulse width 220 
address set-up time 


o1 


N 
O1 


PWey 


address hold time 
data delay time 
data hold time 


-_ -— — — 
Oo |S |> 2 
rT |r |G 2 
o e 

I) 

oO 


oO; — 

G 
a 
n|n 


oO 


a] 
2) 


io) 


—- 
= 
iw) 


Timing characteristics: I?C-bus interface; note 2 


= 
ie) 
QO 
i 


SCL clock frequency 
tolerable spike width on bus 


Q 
= 


bus free time 

set-up time for a repeated START condition 
START condition hold time 

SCL LOW time 

SCL HIGH time 

SCL and SDA rise time 

SCL and SDA fall time 


= 
7) 


A) A]A]A/A 
“I NI} N 


So 
7) 


Foon oi TE sen, oi ee i OE ce so OE oe EE oe 2, Oe oe 
Ow |m |r 1st (TD Io |T |HM [Ww 
eo" 1S 512 19 JE IE 
4/8 |8 Sieg a 
0 1315 > |> 


data set-up time 250 
set-up time for STOP condition 
Notes 
1. Vpp=5V. 


2. Alltiming values are valid within the operating supply voltage and ambient temperature range and are referenced to 
Vit and Vjiq with an input voltage swing of Vss to Vpp. 
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17 TIMING CHARACTERISTICS 


AH 

te ee : 
Vv 

Lo IH1 Valid Data p< VIH1. 
Vil 


VIL4 


MLA798 - 1 


DBO to DB7 


Fig.29 Parallel bus write operation sequence; writing data from microcontroller to PCF2116. 


DBO to DB7 


MLA799 - 1 


Fig.30 Parallel bus read operation sequence; reading data from PCF2116 to microcontroller. 
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18 APPLICATION INFORMATION 


P20 RS 
P21 RW R1 to R32 
p22 

P80CL51 PCF2116 


C1 to C60 
P10 to P17 DBO to DB7 


MGA812-1 


Fig.31 Direct connection to 8-bit microcontroller; 8-bit bus. 


RS 
RW Rt to R32 
E 

P80CL51 PCF2116 


C1 to C60 
P14 to P17 DB4 to DB7 


MGA813 - 1 


Fig.32 Direct connection to 8-bit microcontroller; 4-bit bus. 


R7 to R16 
VicD R25 to R32 


Vpp R1 to R8 
R17 to R24 2 x 24 CHARACTER 
OSC PCF2116 LCD DISPLAY 
(SPLIT SCREEN) 


MGA816 - 7 


DBO toDB7 E RS R/W 


Fig.33 Typical application using parallel interface. 
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SCL SDA 


VicbD Ri to R16 


VppD 
OSC PCF2116 


R17 to R24 


Ri to R16 


MASTER TRANSMITTER 
PCF84C81 


PCF2116 family 


2 x 24 CHARACTER 
LCD DISPLAY 
(SPLIT SCREEN) 


2 x 12 CHARACTER 
LCD DISPLAY 


MGA817 - 1 


Fig.34 Application using |2C-bus interface. 


268 


Philips Semiconductors 


Product specification 


LCD controller/drivers 


PCF2116 family 


18.1 8-bit operation, 1-line display using internal 


reset 


Table 6 shows an example of a 1-line display in 8-bit 
operation. The PCF2116 functions must be set by the 
‘Function set’ instruction prior to display. Since the display 
data RAM can store data for 80 characters, the RAM can 
be used for advertising displays when combined with 
display shift operation. Since the display shift operation 
changes display position only and DDRAM contents 
remain unchanged, display data entered first can be 
displayed when the Return Home operation is performed. 


18.2 4-bit operation, 1-line display using internal 
reset 


The program must set functions prior to 4-bit operation. 
Table 5 shows an example. When power is turned on, 8-bit 
operation is automatically selected and the PCF2116 
attempts to perform the first write as an 8-bit operation. 
Since nothing is connected to DBO to DBS, a rewrite is 
then required. However, since one operation is completed 
in two accesses of 4-bit operation, a rewrite is required to 
set the functions (see Table 5 step 3). 


Thus, DB4 to DB7 of the function set are written twice. 


18.3 8-bit operation, 2-line display 


For a 2-line display, the cursor automatically moves from 
the first to the second line after the 40* digit of the first line 
has been written. Thus, if there are only 8 characters in the 
first line, the DDRAM address must be set after the eighth 
character is completed (see Table 7). Note that both lines 
of the display are always shifted together; data does not 
shift from one line to the other. 


18.4 [?C operation, 1-line display 


A control byte is required with most instructions 
(see Table 8). 


18.5 Initializing by instruction 


If the power supply conditions for correctly operating the 
internal reset circuit are not met, the PCF2116 must be 
initialized by instruction. Tables 9 and 10 show how this 
may be performed for 8-bit and 4-bit operation. 


Table 5 4-bit operation, 1-line display example; using internal reset 


1 power supply on (PCF2116 is initialized by 
the internal reset circuit) 


2 


function set 
R/V DB7 


DB6 DB4 


0 0 0 


DB5 


function set 
0 0 


0 


display on/off control 
0 0 


0 1 


entry mode set 
0 0 
0 0 


write data to CGRAM/DDRAM 
1 0 0 1 0 
1 0 0 0 0 0 
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STEP INSTRUCTION DISPLAY OPERATION 
a Initialized. No display appears. 


Sets to 4-bit operation. In this instance operation 
is handled as 8-bits by initialization and only this 
instruction completes with one write. 


Sets to 4-bit operation, selects 1-line display and 
Vicp = Vo. 4-bit operation starts from this point 
and resetting is needed. 


Turns on display and cursor. Entire display is 
blank after initialization. 


Sets mode to increment the address by 1 and to 
shift the cursor to the right at the time of write to 
the DD/CGRAM. Display is not shifted. 


Writes ‘P’. The DDRAM has already been 
selected by initialization at power-on. The cursor 
is incremented by 1 and shifted to the right. 
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Table 6 8-bit operation, 1-line display example; using internal reset (character set ‘A’) 


STEP INSTRUCTION DISPLAY 


power supply on (PCF2116 is initialized by the internal reset 
function) | 


2 function set 
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1i DBO 
0 0 0 0 0 0 


1.2 
3 display mode on/off control 
4 


OPERATION 


Initialized. No display appears. 


Sets to 8-bit operation, selects 1-line display and 
Vicp = Vo. 


Turns on display and cursor. Entire display is blank after 
initialization. 


0 0 0 86060 0 


entry mode set 
0 0 O 
5 |write data to CGRAM/DDRAM 
t “OO. © a- % 


write data to CGRAM/DDRAM 
1 0 0 1 0 0 | 0 0 0 Writes ‘H’. 


7 
write data to CGRAM/DDRAM 
> © -4 PHILIPS Writes ‘S’. | 
10 
11 


Sets mode to increment the address by 1 and to shift the 
cursor to the right at the time of the write to the 
DD/CGRAM. Display is not shifted. © 


Writes ‘P’. The DDRAM has already been selected by 
initialization at power-on. The cursor is incremented by 1 
and shifted to the right. 


1 0 1 0 0 1 1 
entry mode set 
write data to CGRAM/DDRAM : 
write data to CGRAM/DDRAM | 
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Returns both display and cursor to the original position 
(address 0). 


SIBALP/J9||OIJUOD GO] 


Ajitwie} 9LLZAOd 


SJOJONPUODIWAS sdijiug 


uoneoyioads yonpold 


cle 20 1dvy 2661 


© 


Table 7 8-bit operation, 2-line display example; using internal reset 


STEP INSTRUCTION DISPLAY OPERATION 


1 


Sets to 8-bit operation, selects 2-line display and voltage 
generator off. 


2 function set 


RS R/W DB7 DB6 DB5 DB4 DB38 DB2 DB1 DBO 
0 0 0 0 1 1 1 0 0 0 
display on/off control 


Turns on display and cursor. Entire display is blank after 
initialization. 


Sets mode to increment the address by 1 and to shift the 
cursor to the right at the time of write to the CG/DDRAM. 
Display is not shifted. 


entry mode set 


Writes ‘P’. The DDRAM has already been selected by 
initialization at power-on. The cursor is incremented by 1 
and shifted to the right. 


Write data to CG RAM/DDRAM 


write data to C@RAM/DDRAM Writes ‘S’. 
PHILIPS _ 

set DDRAM address Sets DDRAM address to position the cursor at the head of 
PHILIPS the 2nd line. 


Writes ‘M’. 


PHILIPS 
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return Home 


INSTRUCTION 


DISPLAY OPERATION 


Writes ‘O’. 
PHILIPS 


MICROCO_ 


Sets mode for display shift at the time of write. 
PHILIPS 


MICROCO_ 


Writes ‘M’. Display is shifted to the left. The first and 
PHILIPS second lines shift together. 


ICROCOM_ 


Returns both display and cursor to the original position 
PHILIPS (address 0). 


MICROCOM 
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Table 8 Example of I?C operation; 1-line display (using internal reset, assuming SAO = Vsg; note 1) 


STEP I2?C BYTE DISPLAY OPERATION 
l2C START Initialized. No display appears. 


slave address for write 
SA6 SA5 SA4 SAS SA2 SA1 SAO During the acknowledge cycle SDA will be pulled-down by the 
PCF2116. 


0 1 1 1 0 1 0 
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send a control byte for function set 


Co RS R/W Control byte sets RS and R/W for following data bytes. 


0 0 0 X X X 
function set 
DB7 DB6 DB5 DB4 DB3 DB2 
0 0 1 Xx 0 0 


Selects 1-line display and Vicp = Vo; SCL pulse during 
acknowledge cycle starts execution of instruction. 


Turns on display and cursor. Entire display shows character 
Hex 20 (blank in ASCll-like character sets). 


entry mode set 
DB7 DB6 DB5 DB4 DB3 DB2 
0 0 0 0 0 1 


Sets mode to increment the address by 1 and to shift the cursor 
to the right at the time of write to the DDRAM or CGRAM. 
Display is not shifted. 


vLe 


lI? START 


For writing data to DDRAM, RS must be set to 1. Therefore a 
control byte is needed. 


Writes ‘P’. The DDRAM has been selected at power-up. 
The cursor is incremented by 1 and shifted to the right. 


slave address for write 
SA6 SA5 SA4 SA3 SA2 SA 
0 1 1 1 0 1 


send a control byte for write data 
Co RS RW 
0 1 0 X X X 


1 write data to DDRAM 
DB7 DB6 DB5 DB4 DBS DB2 
0 1 0 1 0 0 


display on/off control 
DB7 DB6 DB5 DB4 DB3 DB2 
0 0 0 0 1 1 


1 
2 
3 
4 
5 
7 
8 
0 


SIOAUP/9]]O4JUOD GDI 


Ajtwe} 9LLZAOd 


SJOJONPUODIWAS sdijiug 


uoleoyioeds jonpold 


STEP I2?C BYTE DISPLAY OPERATION 


write data to DDRAM 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack Writes ‘H’. 
0 1 0 0 1 0 0 0 1 

write data to DDRAM 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack Writes ‘S’. 
0 1 0 1 0 0 1 1 1 | PHILIPS 


17 (optional I2C stop) I@C start + slave address for write 
(as step 8) PHILIPS _ 
control byte 
Co RS R/W 
1 0 0 PHILIPS _ 
Return Home 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack Sets DDRAM address 0 in Address Counter. (also returns 
) 0 0 0 ) 0 1 0 1 | PHILIPS shifted display to original position. DDRAM contents 
rs unchanged). This instruction does not update the Data Register 
control byte for read 
Co RS R/W DDRAM content will be read from following instructions. 
0 1 1 PHILIPS The R/W has to be set to 1 while still in @C-write mode. 
21 [PO START pHLPS. | OSOS—SOSSCSCSCSC“C(C‘CS 


slave address for read 
SA6 SA5 SA4 SA3 SA2 SA1 SAO RW Ack During the acknowledge cycle the content of the DR is loaded 
0 1 1 1 0 { 0 1 1 | PHILIPS into the internal I°C interface to be shifted out. In the previous 
- instruction neither a ‘Set address’ nor a ‘Read data’ has been 


performed. Therefore the content of the DR was unknown. 


8 x SCL; content loaded into interface during previous 

PHILIPS acknowledge cycle is shifted out over SDA. MSB is DB7. During 
master acknowledge content of DDRAM address 01 is loaded 
into the I@C interface. 
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read data: 8 x SCL + master acknowledge; note 2 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack 
X X X X X X X X 0 
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STEP I2C BYTE DISPLAY OPERATION 


read data: 8 x SCL + master acknowledge; note 2 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack 

0 1 0 0 1 0 0 0 0 PHILIPS 
25 read data: 8 x SCL + no master acknowledge; note 2 


8 x SCL; code of letter ‘H’ is read first. During master 
acknowledge code of ‘I’ is loaded into the I@C interface. 


No master acknowledge; After the content of the I@C interface 
register is shifted out no internal action is performed. No new 
data is loaded to the interface register, Data Register (DR) is not 
updated, Address Counter (AC) is not incremented and cursor is 
not shifted. 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack 


0 1 0 0 1 0 0 1 1 PHILIPS 


120 STOP PHILIPS 


Notes 
1. X=don’t care. 
2. SDA is left at high-impedance by the microcontroller during the READ acknowledge. 
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Table 9 = Initialization by instruction, 8-bit interface (note 1) 


STEP DESCRIPTION 


power-on or unknown state 
wait 2 ms after Vpp rises above Vpor 
RS R/W_ DB7 DB6 DB5 DB4 DB3 DB2 DB1_ DBO | BF cannot be checked before this instruction. 


Function set (interface is 8-bits long). 


x< 


0 0 0 0 1 1 X X X 


wait 2 ms 


RS RW DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO | BF cannot be checked before this instruction. 


0 0 0 0 1 1 X X X Function set (interface is 8-bits long). 


x< 


wait more than 40 us 


RS R/W_ DB7 DB6 DB5 DB4 DB38 DB2 DBI DBO |BF cannot be checked before this instruction. 
0 X X X X | Function set (interface is 8-bits long). 


BF can be checked after the following instructions. When BF is not checked, 
the waiting time between instructions is the specified instruction time (see 
Table 3). 


RS RW _ DB7 DB6 DB5 DB4 DB3 DB2 DB1_ DBO | Function set (interface is 8-bits long). Specify the number of display lines and 
G Q | voltage generator characteristic. 

0 Display off 

0 


Clear display. 


initialization ends ee 


Note 
X = don’t care. 
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STEP 


power-on or unknown state 


wait 2 ms after Vpp rises above Vpor 
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DESCRIPTION 


BF cannot be checked before this instruction. 
Function set (interface is 8-bits long). 


BF cannot be checked before this instruction. 
Function set (interface is 8-bits long). 


BF cannot be checked before this instruction. 


Function set (interface is 8-bits long). 
BF can be checked after the following instructions. When BF is not checked, the waiting time 
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Initialization ends 


between instructions is the specified instruction time. (See Table 3). 
Function set (set interface to 4-bits long). 

Interface is 8-bits long. 

Function set (interface is 4-bits long). 

Specify number of display lines and voltage generator characteristic. 


Display off. 


Clear display. 


Entry mode set. 
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DISPLAY LAYOUT: COLUMNS 
~_____-—~PCF2116 column 


ZZ Iw ene 


AZIZ NSS. INNS) pcr ati coun 


DISPLAY LAYOUT: ROWS 
R8 to Rt RQ to R16 
= MGA814 - 1 
R17 to R24 R32 to R25 


2 x 24 character display 


iis 
| 
| 
| 
| 
| 


Fig.385 Example of 2 x 24 display layout (PCF21 16x). 
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DISPLAY LAYOUT: COLUMNS 


PCF2116 column 


— 
15.86 60 output numbers 


IW“ 


LCD column 
numbers 


PCF2116 column 
output numbers 


| DISPLAY LAYOUT: ROWS | 
R8 to R1 R9 to R16 


MGA815 - 2 
R17 to R24 R32 to R25 


Fig.36 Example of 4 x 12 display layout (PCF2114x/PCF21 16x). 
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1 to 8 16 to9 
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1- line by 24 characters display 


Fig.37 Display example (PCF2114x); 1-line by 24 characters. 
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16 to 9 
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2- lines by 12 characters display 


Fig.38 Display example (PCF2114x); 2-lines by 12 characters. 
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PCF2116 
CHIP-ON-GLASS 
4 LINE BY 
12 CHARACTER 


MGA818 - 1 


Fig.39 Chip on glass application. 
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19 BONDING PAD LOCATIONS 


C30 


Be SSS STE BEE es a 
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By 0 ON OR OH 


= 6.99 
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<< = 5.64 mm -»| MLB969 


Chip dimensions: approximately 5.64 x 6.99 mm. 
Pad area: 0.0121 mm2. 
Bonding pad dimensions: 110 x 110 um. 


Fig.40 Bonding pad locations. 
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Table 11 Bonding pad locations (dimensions in um) 

All x/y coordinates are referenced to centre of chip, 

see Fig.40. 
SYMBOL 
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Philips Semiconductors Product specification 


LCD drivers PCF21xxC family 
1 FEATURES 2 GENERAL DESCRIPTION 
e Supply voltage 2.25 to 6.0 V The PCF21xxC family are single-chip, silicon gate CMOS 


LCD driver circuits. A 3-line bus (CBUS) structure enables 
serial data transfer with microcontrollers. All inputs are 

* Serial data input CMOS/NMOS compatible. 

e CBUS control 


Low current consumption 


The devices have the same function and performance as 


e One-point built-in oscillator those of the PCF21xx family, which they supersede. 
e Stand-alone or expanded system The maximum operating voltage required is reduced from 
6.5 to 6.0 V. 


e Power-on reset clear 
e LCD segments 
— 40 (PCF2100C) 
— 64 (PCF2111C) 
— 32 (PCF2112C) 
e Multiplex rate 
— 1:2 (PCF2100C) 
— 1:2 (PCF2111C) 
— 1:1 (PCF2112C) 
e Word length 
— 22 bits (PCF2100C) 
— 34 bits (PCF2111C) 
— 34 bits (PCF2112C). 


3 QUICK REFERENCE DATA 


SYMBOL PARAMETER CONDITIONS 
supply current 1 outputs open; CBUS inactive 


operating ambient temperature a — 


4 ORDERING INFORMATION 


Ipp2 supply current 2 outputs open; CBUS inactive; 
Tamb = 25 °C 


TYPE PACKAGE 
a 7 ’ . 


PCF2111CT VSO40 plastic very small outline package; 40 leads SOT158-1 
PCF2112CP DIP40 plastic dual in-line package; 40 leads (600 mil) SOT129-1 
PCF2112CT VSO40 _ | plastic very small outline package; 40 leads SOT158-1 
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5 BLOCK DIAGRAMS 


40-SEGMENT LCD 


ANALOG 
VOLTAGE 


06 LATCHES 
CONTROL AND 


27 DRIVER CONTROL 


SHIFT 
REGISTER 


MLD286 


Fig.1 Block diagram; PCF2100C. 


64-SEGMENT LCD 


ANALOG 
VOLTAGE 


LATCHES OSCILLATOR 
BUS pers 
CONTROL AND 


DRIVER CONTROL DIVIDER 


an 


Fig.2 Block diagram; PCF2111C. 


MLD285 
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32-SEGMENT LCD 


BP 


38 
BACKPLANE AND SEGMENT DRIVERS 


AND 
CONTROL 
39 Ha DRIVER CONTROL 


SHIFT 
REGISTER 


ANALOG 
VOLTAGE 


OSCILLATOR 
AND 
DIVIDER 


MLD287 


Fig.3 Block diagram; PCF2112C. 
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6 PINNING 
6.1 PCF2100C 


[svwsou [PIN | DESCRIPTION 
osc | 8 
S20 
$19 LCD driver output 19 

S17 
S16 
S18 
sm | 14 
so | 18 
16 
17 
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BP1 


BP2 
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S5 


S6 
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Sg 
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MLD295 


Fig.4 Pin configuration; SOT117-1 and SOT136-1. 
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6.2  PCF2111C 


| PINS DESCRIPTION 
1 | clock burst input (CBUS) 


SYMBOL 


[6 [LCD ever outputat 


2 [LCD driver output 20 
2 [LCD ever ouput28 


CLB 
Vpp 
OSC 
Vss 
$32 
$31 
S30 
$29 
$28 
S27 
$26 
$25 
S24 
S26 
S20 
$21 

520 


2 
3 
4 
5 
6 
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8 
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| 
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S17 
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sia | 23 


7 n 
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s9 
$8 
$7 
31 
s3 
$3 
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Fig.5 Pin configuration; SOT129-1 and SOT158-1. 
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6.3. PCF2112C 
symeot | PIN| DESCRIPTION 


clock burst input (CBUS) 
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S3 
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LCD driver output 12 


31 |LCD driver output 6 
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MLD292 


Fig.6 Pin configuration; SOT129-1 and SOT158-1. 
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7 FUNCTIONAL DESCRIPTION 


An LCD segment or LED output is activated when the 
corresponding DATA bit is HIGH. 


7.1 PCF2100C 


When DATA bit 21 is HIGH, the A-latches (BP1) are 
loaded. With DATA bit 21 LOW, the B-latches (BP2) are 
loaded. CLB pulse 23 transfers data from the shift register 
to the selected latches. 


7.2 PCF2111C 


When DATA bit 33 is HIGH, the A-latches (BP1) are 
loaded. With DATA bit 33 LOW, the B-latches (BP2) are 
loaded. CLB pulse 35 transfers data from the shift register 
to the selected latches. 


test leading zero 


7.3. PCF2112C 


When DATA bit 33 is HIGH, the latches are loaded. 
CLB pulse 35 transfers data from the shift register to the 
selected latches. 


7.4 Bus control logic 


The following tests are carried out by the bus control logic: 

1. Test on leading zero 

2. Test on number of DATA bits | 

3. Test of disturbed DLEN and DATA signals during 
transmission. 


If one of the test conditions is not fulfilled, no action follows 
the load condition (load pulse with DLEN LOW) and the 
driver is ready to receive new data. 


34 35 ~<— PCF2111C and PCF2112C 
22 23 ~<— PCF2100C 


load pulse 


bit number 0 


output $i 5 $3 54 $5 56 87 


1 2 3 


leading zero 


4 5 6 7 
S1 S2 S83 S4. $5 S6 S7 


at ~<— PCF2111C and PCF2112C 


19 20 
$19 $20 


631 S32 { 


21 \ «<— PCF2100C 


load bit MLD296 


Fig.7 CBUS data format. 
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7.5 Timing 


OFF / OFF ON / OFF OFF / ON ON / ON 


Vss 
Vpb 


Vpop- Vss 
Re eee fu, 
— 0.5 (Vpp- Vgg) ———— 
~ pp —Yss) 
is cate eee 


0 
— 0.5 (Vpp - Vss) 
~ pp —Yss) 


Py AG) 
ti 


0.5 (Vpp - Vss) _— 
f LCD MLD294 


Segment X 
(SX) 


MLD299 


Fig.9 Timing diagram for PCF2112C. 
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7.6 Input circuitry 


BUS DRIVER PCF21XXC 


MLD284 


Vgg line is common. In systems where it is expected that Vpp2 > Vpp1 + 0.5 V, a resistor should be inserted to reduce the current flowing through the 
input protection. Maximum input current <40 yA. 


Fig.10 Input circuitry. 


7.7 Expansion 


BP2 $1 to S32 BP2 S1to S32 BP1 BP2  S1toS32 
VpDD 
DLEN 
¢ osc OSC Osc 


PCF2111C PCF2111C 


PCF2111 CLB 


DATA 


Vss Vss 
SLAVE1 SLAVE1 


MLD293 


By connecting OSC to Vss the BP pins become inputs and generate signals synchronized to the single oscillator frequency, thus allowing expansion of 
several members of the PCF21xxC family up to the BP drive capability of the master. The PCF2112C can only function as a master for other PCF2112Cs. 


Fig.11 Expansion possibility (using PCF2111C). 
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8 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
Vpp 


supply voltage 


1. Derate by 7.7 MW/K when Tamb > 60 °C. 


9 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate :.: handling MOS devices. See “Handling MOS devices”. 


ESD in accordance with “MIL STD 883C, Method 3015”. 
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10 DC CHARACTERISTICS 
Vpp = 2.25 to 6.0 V; Vss = 0 V; Tamb = —40 to +80 °C; Rc = 1 MQ; Co = 680 pF; unless otherwise specified. 


fsrwsot[ __Parawerer | _—_CoNommOns | min. | TYP | MAX | UNTT 


note 1; see Fig.13 


note 1; Tamb = 25 °C; 20 30 uA - 
see Fig.13 


note 2 


LCD outputs 


Vep DC voltage of backplane drivers - | +20 |-  |mv_ | 


backplane driver output impedance note 4; Vpp = 5 V 


Zos) segment driver output impedance note 4; Vpp = 5 V - | 


Notes 

1. Outputs open; CBUS inactive. 

2. Resets all logic, when Vpp < Vpor. 

3. Periodically sampled (not 100% tested). 
4. Outputs measured one at a time. 
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11 AC CHARACTERISTICS 
Vpp = 2.25 to 6.0 V; Vss = 0 V; Tamb = —40 to +80 °C; Rco = 1 MQ; Co = 680 pF; all timing values are referenced to Viy 
and Vi, levels with an input voltage swing of Vss to Vpp; unless otherwise specified. 


fsrweot[ __Paraweten | __conomons | wn | TWP | wax | UNT 


inputs CLB, DATA and DLEN (see Fig. 12) 


feuon [datasetuptime —=SSsSC~idSC“‘“‘“‘C™SCSC*™*~™ 
[oon [datahordtime —SSC~SCCSC‘~‘“~*~*~*~*~S~S 
cuen [enable setuptme —=SsYSSSSCS 
evo [sable setuptime——=SCS~SCi‘“‘“S*S*S*SCSCS 
su [loadpulse setuptine —Si«YSSSS 
feusy[buytine —=SSSSCSC~C~—rCSC“‘“‘CS*S*SSC 
aa 
ee 
ans 
a: 
ee 


UL 


LCD timing (see Figs. 12, 14, 15, 16 and 17) 


flop 
60 15 100 Hz 
Co = 1.5 nF 30 35 50 Hz 


transfer time with test loads Vo=5V = 20d 100s 
driver delay time with testloads—|Voo=5V_ [= 20 | 100 


© on 
—_|u 
oO} oO 
n wn 


LCD frame frequency 
PCF2100C, PCF2111C 
PCF2112C 
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data $1 load bit load pulse 


(1) Load pulse 23 for PCF2100C (see Fig.7). 
(2) Load pulse 35 for PCF2111C and PCF2112C (see Fig.7). 
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Fig.12 CBUS timing. 
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(1) Tamb = —40 °C. (1) Tamb = ~40 °C. 
(2) Tamb = +85 °C. (2) Tamb = +25 °C. 
(3) Tamb = +25 °C. (3) Tamb = +85 °C. 


Fig.13 Supply current as a function of supply Fig.14 Display frequency as a function of supply 
voltage. voltage; Co = 680 pF (except PCF2112C). 
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ESE 
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Tamb = +25 °C: 
Tamb = +85 °C. 


(1) Ro=1MaQ. 
(2) Ro = 100 ka. 


Fig.15 Display frequency as a function of supply 
voltage; Co = 1.5 nF (only PCF2112C). 


Fig.16 Display frequency as a function of Ro and 
Co; Tamb = 25 °C; Vpp = 5 V. 
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$2 | Fig.18 Output resistance of backplane and | 
Fig.17 Test loads. segments. 
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(1) Tamb = —40 °C. 
(2) Tamb = +25 °C. 
(3) Tamb = +85 °C. 


Fig.19 LOW level output current as a function of 
supply voltage (only PCF2112C). | 
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DIP 

Soldering by dipping or by wave 
Repairing soldered joints 

SO 

Reflow soldering 

Wave soldering 

Repairing soldered joints 
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1 FEATURES 2 DESCRIPTION 

e Low power CMOS: : The PCF85116-3 is an 16 kbits (2048 x 8-bit) floating gate 


Electrically Erasable Programmable Read Only Memory 
(EEPROM). By using redundant EEPROM cells it is fault 
tolerant to single bit errors. In most cases multi bit errors 


— maximum operating current 1.0 mA 
— maximum standby current 10 uA (at 5.5 V), 


typical 4 WA are also covered. This feature dramatically increases 
e Non-volatile storage of 16 kbits organized as eight reliability compared to conventional EEPROM memories. 
blocks of 256 x 8-bit each | Power consumption is low due to the full CMOS 
e Single supply with full operation down to 2.7 V technology used. The programming voltage is generated 


e On-chip voltage multiplier on-chip, using a voltage multiplier. 
e Serial input/output I2C-bus (100 kbits/s standard-mode As data bytes are received and transmitted via the serial 
and 400 kbits/s fast-mode) I2C-bus, a package using eight pins is sufficient. Only one 


PCF85116-3 device is required to support all eight blocks 
Write operations: multi byte write mode up to 32 bytes of 256 x 8-bit each q Pe g 


Write-protection input 
P Timing of the E/W cycle is carried out internally, thus no 


Read operations: external components are required. A write-protection input 
— sequential read at pin 7 (WP) allows disabling of write-commands from the 
master by a hardware signal. When pin 7 is HIGH the data 
bytes received will not be acknowledged by the 


— random read 


* tntemal timer tor writing (no extemal.components) PCF85116-3 and the EEPROM contents are not changed. 

e Power-on-reset 

e High reliability by using redundant EEPROM cells 2.1 Remark 

e Endurance: 1000000 Erase/Write (E/W) cycles at The PCF85116-3 is pin and address compatible to the 
Tamb = 22 °C PCx85xxC-2 family. The PCF85116-3 covers the whole 

e 20 years non-volatile data retention time (minimum) address space of 16 kbits; address inputs are no longer 


needed. Therefore, pins 1 to 3 are not connected. 
The write-protection input is at pin 7. 


Pin and address compatible to the PCx85xxC-2 family 
(see also Section 2.1) 


e 2 kV ESD protection (Human Body model). 


3 QUICK REFERENCE DATA 


supply current read fgcL = 400 KHZ; Vpp = 5.5 V 


supply current E/W fsc_ = 400 KHZ; Vpp = 5.5 V 


standby supply current Vpp = 2.7 V 
| Vpp = 5.5 V 
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4 ORDERING INFORMATION 


TYPE PACKAGE 
NUMBER | NAME | DESCRIPTION VERSION 
PCF85116-3P DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1 


PCF85116-3T plastic small outline package; 8 leads; body width 3.9 mm SOT96-1 


5 DEVICE SELECTION 


Table 1 Device selection code 


SELECTION DEVICE CODE | CHIP ENABLE 


Bit | eT || 
a a ae ae a 


b1 


Note 
1. The Most Significant Bit (MSB) ‘b7’ is sent first. 
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Fig.1 Block diagram. 
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7 PINNING 


DESCRIPTION 
not connected 


positive supply voltage 


8 |I?C-BUS PROTOCOL 


Vop 


The |2C-bus is for 2-way, 2-line communication between 
different ICs or modules. The serial bus consists of two 
bidirectional lines: one for data signals (SDA), and one for 
clock signals (SCL). 


Both the SDA and SCL lines must be connected to a 
positive supply voltage via a pull-up resistor. 


The following protocol has been defined: 


e Data transfer may be initiated only when the bus is not 
busy 


e During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
control signals. 


8.1 Bus conditions 


The following t::s conditions have been defined: 
e Bus not busy: both data and clock lines remain HIGH. 


e Start data transfer: a change in the state of the data line, 
from HIGH-to-LOW, while the clock is HIGH, defines the 
START condition 


e Stop data transfer: a change in the state of the data line, 
from LOW-to-HIGH, while the clock is HIGH, defines the 
STOP condition 


e Data valid: the state of the data line represents valid 
data when, after a START condition, the data line is 
stable for the duration of the HIGH period of the clock 
sigrial. There is one clock pulse per bit of data. 


8.2 Data transfer 


Each data transfer is initiated with a START condition and 
terminated with a STOP condition; the number of the data 
bytes, transferred between the START and STOP 
conditions is limited to 32 bytes in the E/W mode. 
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Fig.2 Pin configuration. 


Data transfer is unlimited in the read mode. 
The information is transmitted in bytes and each receiver 
acknowledges with a ninth bit. 


Within the |2C-bus specifications a low-speed mode (2 kHz 
clock rate), a high speed mode (100 kHz clock rate) and a 
fast speed mode (400 kHz clock rate) are defined. 

The PCF85116-3 operates in all three modes. 


By definition a device that sends a signal is called a 
‘transmitter’, and the device which receives the signal is 
called a ‘receiver’. The device which controls the signal is 
called the ‘master’. The devices that are controlled by the 
master are called ‘slaves’. 


Each byte is followed by one acknowledge bit. 

This acknowledge bit is a HIGH level, put on the bus by the 
transmitter. The master generates an extra acknowledge 
related clock pulse. The slave receiver which is addressed 
is obliged to generate an acknowledge after the reception 
of each byte. 


The master receiver must generate an acknowledge after 
the reception of each byte that has been clocked out of the 
slave transmitter. 


The device that acknowledges has to pull down the SDA 
line during the acknowledge clock pulse in such a way that 
the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse. 


Set-up and hold times must be taken into account. 

A master receiver must signal an end of data to the slave 
transmitter by not generating an acknowledge on the last 
byte that has been clocked out of the slave. In this event 

the transmitter must leave the data line HIGH to enable the 
master generation of the STOP condition. 
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8.3 Device addressing 


eee ee 


MBH924 


Fig.3 Slave address. 


Following a START condition the bus master must output 
the address of the slave it is accessing. The 4 MSBs of the 
slave address are the device type identifier (see Fig.3). 
For the PCF85116-3 this is fixed to ‘1010’. 


The next three significant bits of the slave address field are 
the block selection bits. It is used by the host to select one 
out of eight blocks (1 block = 256 bytes of memory). These 
are, in effect, the three most significant bits of the word 

address. i 


The last bit of the slave address defines the operation to 
be performed. When R/W is set to logic 1 a read operation 
is selected. 

8.4 


8.4.1 


Write operations 
BYTE/WORD WRITE 


For a write operation the PCF85116-3 requires a second 
address field. This address field is a word address 
providing access to any one of the eight blocks of memory. 
Upon receipt of the word address the PCF85116-3 
responds with an acknowledge and awaits the next eight 
bits of data, again responding with an acknowledge. Word 
address is automatically incremented. The master 
terminates the transfer by generating a STOP condition. 


After this stop condition the E/W cycle starts and the bus 
is free for another transmission. Its duration is maximum | 
10 ms. 


During the E/W cycle the slave receiver does not send an 
acknowledge bit if addressed via the I2C-bus. 
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8.4.2 PAGE WRITE 


read: auto increment 


(SSS 
8 | B es WORD ADDRESS 
FE 


FS 


write: unchanged write: auto increment 


MBH925 


Fig.4 Auto increment of memory address. 


The PCF85116-3 is capable of an 32-byte page write 
operation. It is initiated in the same manner as the byte 
write operation. The master can transmit up to 32 data 
bytes within one transmission. After receipt of each byte 
the PCF85116-3 will respond with an acknowledge. 

The master terminates the transfer by generating a STOP 
condition. The maximum total E/W time in this mode is 
10 ms. 


After the receipt of each data byte the six high order bits of 
the memory address providing access to one of the 

64 pages of the memovy remain unchanged. The five low 
order bits of the memory address will be incremented only 
(see Fig.3). By these five bits a single byte within the page 
in access is selected. By an increment the memory 
address may change from 31 to 0, from 63 to 32, etc. If the 
master transmits more than 32 bytes prior to generating 
the STOP condition, data within the addressed page may 
be overwritten and unpredictable results may occur. As in 
the byte write operation, all inputs are disabled until 
completion of the internal write cycles. 


8.4.3 


Write accesses to the EEPROM are enabled if the pin WP 
is LOW. When WP is HIGH the EEPROM is 
write-protected and no acknowledge will be given by the 
PCF85116-3 when data is sent. However, an 
acknowledge will be given after the slave address and the 
word address. 


REMARK 
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MARE woes BT 
SLAVE ADDRESS R/W 


auto increment auto increment 
word address word address 


MBH926 


Fig.5 Auto increment memory address; two byte write. 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from slave 


-s| — |efelsl ola WORD ADDRESS DATA N DATA N+ 1 en yy 
SLAVE ADDRESS R/W | | | | 


auto increment auto increment 
word address word address 


acknowledge 
from slave 


Tarcnes DATA N+ 31 aye 


L——. last byte 


auto increment 


H927 
Mere word address 


Fig.6 Page write operation; 32 bytes. 
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8.5 Read operations 


Read operations are initiated in the same manner as write 
operations with the exception that the LSB of the slave 
address (R/W) is set to logic 1. There are three basic read 
operations; current address read, random read and 
sequential read. 


acknowledge 
from slave 


acknowledge 
from slave 


SLAVE ADDRESS R/W 


at this moment master 
transmitter becomes 
master receiver and 


PPP] eee bs [PEEL 
——~— 


SLAVE ADDRESS —s yw 


8.5.1 REMARK 


During read operations all bits of the memory address are 
incremented after each transmission of a data byte. 
Contrary to write operations an overflow of the memory 
address occurs from 2047 to 0 (see Fig.3). 


acknowledge 
from slave 


acknowledge 
from master 


3 


auto increment 
word address 


n bytes 


EEPROM slave receiver 
becomes slave transmitter 


no acknowledge 
from master 


cae DOCS SON 


-__—— last byte 


auto increment 


MBH928 
2 word address 


Fig.7 Master reads PCx85116-3 slave after setting word address (write word address; read data). 


acknowledge 
from slave 


SLAVE ADDRESS R/W 


ag ye ae 
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L—_——__ n bytes 


no acknowledge 
from master 


acknowledge 
from master 


i___ last bytes 


auto increment 
word address 


auto increment 
word address 


MBH929 


Fig.8 Master reads PCx85116-3 immediately after first byte (read mode). 
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9 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


Von [suppywotage—SSSC=~“*‘“*~sSC“‘CSC™*#*#*#*#*dSOa~~*«d( Ses 
v 
fi Jinput current on anypin SiS mm 
ig Joutputcurent —SSS~=~“SSSSS 

Tag [storage temperature ——=SCSC~“‘~*~‘“rtCS*C‘“‘SCS*dOSSC*‘*dé TSSC*dO 
Vass [electrostatic discharge votage ——irotet ——=S~=*dSSS*tSSCidR 


Note 
1. ESD Human Body model Q22 at Tamp = 22 °C; discharge procedure according to MIL-STD-883C Method 3015. 


10 CHARACTERISTICS 
Vop = 2.7 to 5.5 V; Vssg = 0 V; Tamb = —40 to +85 °C; unless otherwise specified. 


[supplyvotage——SCS~=~“*“‘*‘“—sSSC“‘SCS*dSC*‘d‘SSNSCSCSCdW 


supply current read fscLt = 400 kHz; 
Vpp = 5.5 V 
IDpD(stb) standby supply current Vpp = 2.7 V 
fev [pearmerveweetissy 


SDA input/output (pin 5) 


O 


LOW level output voltage lol = 3 MA; Vppimin) 
lo. = 6 MA; Vppimin) 
with up to 3 mA sink current at Voz1 


note 1 
with up to 6 mA sink current at Vo_2 


pulse width of spikes suppressed by filter fe 


output fall time from Vitmin to Vitmax 
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SYMBOL PARAMETER 
SCL input (pin 6) | 


<= 


ae 
N 


a @) 
rt 


Note 
1. The bus capacitance ranges from 10 to 400 pF (C, = total capacitance of one bus line in pF). 


11. I2C-BUS CHARACTERISTICS 


All of the timing values are valid within the operating supply voltage and ambient temperature range and refer to Vi, and 
Vin with an input voltage swing from Vss to Vpp. 


SYMBOL ~ PARAMETER 


time the bus must be free before 
new transmission can start 

START condition hold time after 
which first clock pulse is generated 

LOW level clock period 


set-up time for START condition 


tub: DAT data hold time 
for CBUS compatible masters 
for l@C-bus devices 


data set-up time 
SDA and SCL rise time 
SDA and SCL fall time 


set-up time for STOP condition 


Notes 


1. The hold time required (not greater than 300 ns) to bridge the undefined region of the falling edge of SCL must be 
internally provided by a transmitter. 


2. Cp = total capacitance of one bus line in pF. 
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12 WRITE CYCLE LIMITS | 
The Power-on-reset circuit resets the I*C-bus logic with a set-up time of <10 us.Enabling the chip is achieved by 
connecting the WP input to Vss. 


E/W cycle timing 


few [EWoyletme «iY SSSS~S~SSSdSd ids 


New  [EWoyeloperbye [Taw =-a0t085°C —-[v00000 [-_[- eyes 


1997 Apr 02 314 


Philips Semiconductors Objective specification 


Universal LCD driver for small graphic 


PCF8558 
panels 


FEATURES 
Single chip LCD controller/driver 


e 40 row and 101 column outputs 


Display data RAM 
40 x 101 bits = 505 bytes = 4040 bits 


e On-chip: 


GENERAL DESCRIPTION 


The PCF8558 is a low power CMOS LCD controller driver, 
designed to drive a graphic display of 40 rows and 

101 columns. All necessary functions for the display are 
provided in a single chip, including on-chip generation of 


— Generation of intermediate LCD bias voltages 


— Oscillator requires no external components 
(external clock also possible) 


e 400 kHz fast I2C-bus interface 


e CMOS compatible LCD bias voltages, resulting in a minimum of external 
e MUX rate 1 : 40 components and lower power consumption. 
e Logic supply voltage range Vpp — Vss = 2.5 to 6 V The PCF8558 interfaces to most microcontrollers via a 


l2C-bus interface. 


Display supply voltage range Vpp — Vicp = 3.5 to9 V 


e Low power consumption, suitable for battery operated 
systems. 


APPLICATIONS 


e Telecom equipment 

e Portable instruments 
e Point of sale terminals 
e Alarm systems. 


ORDERING INFORMATION 
PACKAGE") 


TYPE 
NUMBER | NAME DESCRIPTION VERSION 
pOFBssaUTO | _- [op on FC een aan 
PCF8558U/12 | — __| chip with bumps on FFC | le 


Note 
1. For further details see Chapter “Bonding pad locations”. 


1997 Feb 27 315 


Philips Semiconductors 


Objective specification 


Universal LCD driver for small graphic 


panels : 
BLOCK DIAGRAM 
C1 to C101 R1 to R40 
COLUMN DRIVERS ROW DRIVERS 
aay |: 
VOLTAGE 
GENERATOR 
VLCD 
CURSOR AND 
DATA CONTROL OSCILLATOR OSC. 


VDD 


Vss DISPLAY DATA RAM 
505 BYTES 
TH 
T3 
ADDRESS 
COUNTER 
DATA 


REGISTER 


T2 


PCF8558 


VOBUFFER 


SDA SCL SAO 


Fig.1 Block diagram. 
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PINNING 


Oe 
[i [6-bus serial clockinpot——SSSCS—~—~—~S~“s*S*S*S*~“~S*~S~S 
[Roto RT| 2021 | LCD row aver data ouputs——SSSCS~S~“~S*S*~“~S~S~S 


| 143 test pad output, must be left unconnected (not user accessible) 
!2C-bus serial data input/output 
ible) 


1 
143 , 
test pad input, must be connected to Vgg (not user accessible 
negative supply voltage input for the LCD 


148 the LSB bit of the I2C-bus slave address input is set by connecting this pin to either 
0 (Vgs) or 1 (Vpp) 
test pad input, must be connected to Vpp (not user accessible) 


when the on-chip oscillator is used this pin must be connected to Vpp; an external clock 


signal, if used, is input at this pin 


positive supply voltage | | 
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FUNCTIONAL DESCRIPTION 
LCD bias voltage generator 


The intermediate bias voltages for the LCD display are 
generated and buffered on-chip. This removes the need 


for an external resistor bias chain and significantly reduces | 


the system power consumption. 


Oscillator 


The on-chip oscillator provides the clock signal for the 
display system. No external components are required and 
the OSC pin must be connected to Vpp. 


External clock 


lf an external clock is to be used it is input at the OSC pin. 
The resulting display frame frequency is given by 

fose | 

3072 

Only in the power-down state is the clock allowed to be 
stopped (OSC connected to Vss), otherwise the LCD will 
be frozen in a state where a DC voltage is applied to it. 


late = 


Power-on reset 


The on-chip power-on reset block initializes the chip after 
power-on or power failure. This is a synchronous reset and 
requires 2 oscillator cycles to execute. These oscillator 
cycles must be provided from the external clock source if 
the internal oscillator is not used. If this is not done, the 
device may not respond to command sequences 
transmitted via the I?C-bus interface. 


Power-down 


The chip can be put into power-down mode where all static 
currents are switched off (no internal oscillator, no internal 
power-on reset, no bias level generation and all LCD 
outputs are internally connected to Vpp) when 

PD = logic 1. 


During power-down the information in the RAMs and the 
internal chip states are preserved. Instruction execution 
during power-down is possible if an.externally clock signal 
is applied to pad OSC. 


Registers 


The PCF8558 has one 8-bit register, time shared as a 
Command Register (CR) and a Data Register (DR). 

The command register stores the command code such as 
display on or display off and address information for the 
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Display Data RAM (DDRAM). Both registers can be written 
to but not read from by the system controller. 


Address Counter (AC) 


The address counter assigns addresses to the DDRAM for 
writing and is set by Y2 to YO in the command and 

X6 to XO in the address. After a write operation the 
address counter is automatically incremented by 1 in 
accordance with the V flag. 


Display Data RAM (DDRAM) 


The PCF8558 contains a 40 x 101-bit static RAM which 
stores the display data. The RAM is divided into 5 banks of 
101 bytes (5 x 8 x 101 bits). During RAM access, data is 
transferred to the RAM via the I@C-bus. There is a direct 


correspondence between the X address and the column 


output number. 


Timing generator 


The timing generator produces the various signals 
required to drive the internal circuitry. Internal chip 
operation is not disturbed by operations on the data buses. 


Display control 


The display is generated by continuously shifting rows of 
RAM data to the dot matrix LCD via the column outputs. 


The display status (all dots on/off and normal/inverse 
video) is set by bits E and D in the command word. 


LCD row and column drivers 


The PCF8558 contains 40 row and 101 column drivers, 
which connect the appropriate LCD bias voltages in 
sequence to the display in accordance with the data to be 
displayed. Figure 3 illustrates typical waveforms. 

Unused outputs should be left unconnected. 


The bias voltage levels, V2 to V5, are chosen to give 
optimum display contrast for a multiplex rate of 1 : 40. 


Table 1 Voltage bias levels 


VOLTAGE 
0.8635 x (Vpp — Vicp) 
( aol 


0.7270 x Vpp Vicp) 


V4 0.2730 x (Vpp — Vicp) 


0.1985 x (Voo— Vico) 
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Fig.2 DDRAM to display mapping. 
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V5 —_—_—_. . 
VLCD — 
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Vstatet” = Cat!) ae R10; Vstateo” = Catt) = Ratt), 


Fig.3 Typical LCD driver waveforms (MUX rate 1 : 40). 


1997 Feb 27 320 


Philips Semiconductors Objective specification 


Universal LCD driver for small graphic 


PCF8558 
panels 


ADDRESSING 
The data is downloaded into the matrix of the PCF8558 as indicated in Figs 4 and 5. 


The display RAM has a matrix of 40 by 101 bits (5 by 101 bytes). The columns are addressed by the address pointer. 
After writing one byte the pointer is set to the next byte. Control of address increment, horizontal or vertical, is by bit V in 
the command byte. 


display line 0 to 7 


Y address 


ARMM ATE aO RR REE 
TTT EE display line 32 to 89 


EoRAn 
as address 2 address 98 24 
address 1 address 99 
MGG561 


address 0 address 100 


Fig.4 RAM format, addressing. 


DATA STRUCTURE 


MGG562 


a. Order of writing data bytes into RAM (V = 1). b. Order of writing data bytes into RAM (V = 0). 


Fig.5 Order of writing data bytes into RAM. 
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I2C-BUS PROTOCOL 


Two 7-bit slave addresses (0111100 and 0111101) are 
reserved for both the PCF8558. The least-significant bit of 
the slave address is set by connecting input SAO to 
either 0 (Vss) or 1 (Vpp). Therefore, two PCF8558 can be 
~ used on the same I2C-bus allowing displays of up to 

80 x 101 or 40 x 202 dots to be driven. 


The I?C-bus protocol is shown in Fig.6. 

All communications are initiated with a START condition 
(S) from the |?C-bus master, which is followed by the 
desired slave address and write bit. All devices with this 
slave address acknowledge in parallel. All other devices 
ignore the bus transfer. 


In write mode (indicated by setting the read/write bit LOW) 
one or more commands follow the slave address 
acknowledgement. The commands are also 
acknowledged by all addressed devices on the bus. 

The last command must clear the continuation bit C. 
After the last command a series of data bytes may follow. 
The acknowledgement after each byte is made only by the 
addressed device. After the last data byte has been 
acknowledged, the I?C-bus master issues a STOP 
condition (P). 


For PCF8558, no read mode is provided. 


Display bytes are written into the RAM at the address 
specified by the data pointer and subaddress counter. 
Both the data pointer and subaddress counter are 


automatically incremented, enabling a stream of data to be 
transferred to the DDRAM. 


The instruction format is composed of I2C-bus slave 
address followed by one command byte, one X address 
pointer, followed by any number of data bytes. 


Command execution/storing of data takes place during the 
acknowledge cycle. 


Definitions 


e Transmitter: the device which sends the data to the bus 


e Receiver: the device which receives the data from the 
bus 


e Master: the device which initiates a transfer, generates 
clock signals and terminates a transfer 


e Slave: the device addressed by a master 


e Multi-master: more than one master can attempt to 
control the bus at the same time. The I2C-bus can 
accommodate this without data los/contention. 


e Arbitration: procedure to ensure that, if more than one 
master simultaneously tries to control the bus, only one 
is allowed to do so and the message is not corrupted 


Synchronization: procedure to synchronize the clock 
signals of two or more devices. 


R/W 
S| [A A A A 
O04, AOA Te COMMAND C X ADDRESS C DISPLAY DATA C 
o| IK K K K 
EY 


slave address 


N > 0 bytes 
MGG563 


Fig.6 !?C-bus protocol. 
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COMMANDS Set X address 
Display Control The X address points to the columns. The range of X is 


LOGIC 0 LOGIC 1 
PD _[nomal ——itpowerdown 
horizontal addressing | vertical addressing 


Table 2 Display status 


All segments on 
jinversevideo —SSSC«d SYS 


PD: POWER-DOWN 


e All LCD outputs at Vpp (display off) 
e Bias generator off 


e Power-on reset on, oscillator off (external clock still 
possible) 


e Vicp can be disconnected 
e |2C-bus, RAM, commands, etc. still function in 


power-down mode. 
Set Address 


Table 3. YO, Y1 and Y2 define the Y address vector 
address of the display RAM 


Table 4 Instructions: control byte, address 


INSTRUCTION 


Display control 


0 to 100 (64H). 


Reset function 


After power-on the chip has the following state: 
e Power-down mode (PD = 1) 

e RAM undefined 

e RAM X and Y address undefined 

e Display control bits (except PD) undefined 

e |2C-bus interface reset. 


Note 


If the chip is used with an external clock source, after 
power-on, the chip requires at least 2 clock pulses to 
ensure that an internal synchronous reset is carried out. 
After the internal reset, the chip goes into power-down 
mode (PD = 1). If the clock pulses are not supplied, and 
the reset is not cleared, the chip cannot respond to 
commands in the I?C bus. 


In applications where the internal oscillator is used 

(pin OSC = Vpp), the oscillator starts after power-on. 

As soon as the synchronous reset is cleared, the chip goes 
into power-down mode, and the oscillator is stopped. 


[oes [08s [ose [ei [peo] DESCRIPTION —_ 
Peo | v_| v2 | v1 | Vo |Vaddress vector, display contol 


X address 


— 
Xaddress | 0 
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CHARACTERISTICS OF THE I?C-BUS 


The |?C-bus is for bidirectional, two-line communication 
between different ICs or modules. The two lines are a 
serial data line (SDA) and a serial clock line (SCL) which 
must be connected to a positive supply via a pull-up 
resistor. Data transfer may be initiated only when the bus 
is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. 

The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
at this moment will be interpreted as control signals. 


START and STOP conditions 


Both data and clock lines remain HIGH when the bus is not 
busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH, is defined as the START condition (S). 

A LOW-to-HIGH transition of the data line while the clock 
is HIGH, is defined as the STOP condition (P). 


System configuration 


A device transmitting a message is a ‘transmitter’, a device 
receiving a message is the 'receiver'. The device that 
controls the message flow is the 'master' and the devices 
which are controlled by the master are the ‘slaves’. 


data line 
stable; 
data valid 


Acknowledge 


The number of data bytes transferred between the START 
and STOP conditions from transmitter to receiver is 
unlimited. Each data byte of eight bits is followed by one 
acknowledge bit. The acknowledge bit is a HIGH level put 
on the bus by the transmitter, whereas the master 
generates an extra acknowledge related clock pulse. 

A slave receiver which is addressed must generate an 
acknowledge after the reception of each byte. Also a 
master must generate an acknowledge after the reception 
of each byte that has been clocked out of the slave 
transmitter. The device that acknowledges must pull down 
the SDA line during the acknowledge clock pulse, so that 
the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times 
must be taken into consideration). A master receiver must 
signal the end of a data transmission to the transmitter by 
not generating an acknowledge on the last byte that has 
been clocked out of the slave. In this event the transmitter 
must leave the data line HIGH to enable the master to 
generate a stop condition. 


| change | 
| of data | 


| allowed | MBC621 


Fig.7 Bit transfer. 
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| en) 


START condition STOP condition MBC622 


Fig.8 Definition of START and STOP condition. 


MASTER | SLAVE MASTER 
TRANSMITTER/ Beh ae TRANSMITTER/ eeeneaen TRANSMITTERY 
RECEIVER RECEIVER ) RECEIVER 


MGA807 


Fig.9 System configuration. 
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DATA OUTPUT 
BY TRANSMITTER 


not acknowledge 


| | 
DATA OUTPUT | me 


BY RECEIVER | 


| | acknowledge 


SCL FROM | 
MASTER | | = _f 8% 7 2%. 
ae 
START clock pulse for 
CONDITION MBC602 acknowledgement 


The general characteristics and detailed specification of the I@C-bus are available on request (order number 9398 393 40011). 


Fig.10 Acknowledgment on the I@C-bus. 


LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


[Px [ower dissipation perpackage——=SS~S~CS 
[P, | power dlssipation peroutput_———SSSC~iSSS 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe it is 
desirable to take normal precautions appropriate to handling MOS devices. 
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DC CHARACTERISTICS 
Vop = 2.5 to 6 V; Vss = 0 V; Vicp = Vpp — 3.5 V to Vpp — 9 V; Tamb = —40 to +85 °C; unless otherwise specified, note 1. 


[syweoc| __PaRAWeTER _—_—| _CoNDTONs | MIN. | Tv | MAK | UNT 


Supplies 


Yoo [supplyvotage——=SCSC=~=“‘*é~rSC“‘S™C*#*dSSCOC*déS=C“<«t‘zUSCC#*‘*S 

Mico [LCD supply votage——SSCSCS~*dCSSCSCS~dV go = 
oowe) | supply curentin powerdown mode [ 
oor | supply curentextemal clock | 
: a 
es 


lpp2 supply current internal clock 
LCD input current 


Vind LOW level input voltage (all inputs 
except OSC) | 
Ving HIGH level input voltage (all inputs 0.7Vpp 
except OSC) 


Ci input capacitance at T1, T3 OSC and 
SAO 


LCD outputs 


Voc DC component of LCD drivers R1 to R40 
and C1 to C101 


Rrow output resistance R1 to R40 note 4 
output resistance C1 to C101 


I2C-bus; SDA and SCL 


lLo 
lot 


LOW level output current at SDA Vor = 0.4 V; 3.0 
Vpp =5V 


Notes 


ae 
luz [leakage curent———SS~dM= Vom orVg [t= 
a ate 


1. Outputs are open-circuit; inputs at Vpp or Vss; I2C-bus inactive; external clock with 50% duty factor. 
2. Resets all logic when Vpp < Vpor. 

3. Periodically sampled, not 100% tested. 

4 


Resistance of output terminals (R1 to R40 and C1 to C101) with IL = 20 WA; Vop = Vpp — Vicp = 9 V; outputs 
measured one at a time. 


5. When the voltages are above or below the supply voltages Vpp or Vss, an input current may flow. This current must 
not exceed +0.5 mA. 
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AC CHARACTERISTICS 
All timing values are referenced to Vj and Vj, levels with an input voltage swing of Vss to Vpp. Vpp = 2.5 to 6 V; 
Vss = 0 V; Vicp = Vpp — 3.5 V to Vpp — 9 V; Tamb = —40 to +85 °C; unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS TYP. 
fer) LCD frame frequency 62.5 
(internal oscillator) 
external clock frequency 


driver delays Vpp - Vicp = 9 V: 
with test loads 


I2C-bus (see Fig.12) | 
tur between successive STOP 
and START conditions 


UNIT 


94 


a 5 


N 


5 Z 


— 
© 
© 
n 


~“] 


156° 
ce 19 
O10 
oy 
x 
—_—, 
o1 
oO 
ho 
i) 


& 


00 


“oe 


Zz 


n|” 


1.3 


” 


300 
300 


a | os | 
A |A |r 
ny! as 


20 + 0.1Cp 


tsu:STA START condition set-up time | repeated start codes only 
tHD-STA START condition hold time 


—k 


ook 
G 


Capacitive load per bus line 


Ol 
© 
c 


ty 

tf 
tsw 
Cp 


400 p 


Notes 


1. The rise and fall times specified here refer to the driver device (i.e. not PCF8558) and are part of the general fast 
l?C-bus specification. However, when PCF8558 asserts an acknowledge on SDA, the fall time is given by parameter 
ts. Cp = capacitive load per bus line. 


2. The device inputs SDA and SCL are filtered and will reject spikes on the bus lines of width <tgymax)- 


R1 to R40 a 
o) ; 
C1 to C101 sa | 


Fig.11 AC test loads. 
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- 4 
'BUF > 
SCL | 
'HD;STA tr 'HD;DAT thigh ‘- 'SU;DAT 
SDA 
MGA728 'SU;STA 'su:sto 


Fig.12 1@C-bus timing waveforms. 
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APPLICATION INFORMATION 
The pinning of the PCF8558 is optimized for single plane wiring e.g. for Chip-on-glass display modules. 


R1 to R40 40 x 101 dots 


40 full graphic display 
PCF8558 


VLCD C1 to C101 | 
101 
VSS SCL SDA 


R1 to R40 40 x 101 dots 


40 full graphic display 
PCF8558 


VLCD C1 to C101 
101 
VSS SCL SDA 


SCL SDA 


MASTER TRANSMITTER 
PCF84C81A; P80CL410 


MGG565 


Fig.13 Application using I?C-bus interface. 
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PCF8558 Y 
= 
PCF8558 


8 


supply, I/O MGG566 MGG567 


Fig.14 Application, display size 40 x 101 pixels. Fig.15 Bonding pads. 


CHIP INFORMATION 


The PCF8558 is manufactured in p-well CMOS 
technology. Vpp — Vicp is positive. The chip substrate is 


connected to Vpp. 
100 
Pad size, aluminium 80 x 120 
Bump diri:.1sions 59x99x 15 


Wafer thickness 


Bonding pads 


Pad pitch 


um 
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BONDING PAD LOCATIONS 


: BOS = 
cc cc O oO 


D UOUUUUOO000U OO UUOOOURUUOUEOUU 
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C] a 
LC] CJ} 
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eat ie 
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ee 
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Fig.16 Bonding pad locations. 
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Table 5 Bonding pad locations (dimensions in um). 
All x/y coordinates are referenced to the lower 
right corner of the chip, see Fig.16. 


|sympor | Pan | x | vy | | sympBot | PaD | x | oy 
| 26086 
R20 C80 
2308.6 
O78 
Ris —if| 6 | 49086 | e058 | [O76 
Ris +f 8 —~*i| «aaa [e058 | fore 

i on 
fRo——=«i|«~SCtS ~~ 086 | 943 | [08 “18285 
Re «| aia [04 
667 
Re «Y Ste * a8 [8s 
C64 
oes —SifOS*dYC | ta 
a 
22 G60 
086 O56 
esr «| ~SS«Y SC | 828 
097 O56 
43086 oss iia ts 5 
ose *d—Caaa | tS 
O84 053 
O52 
692 O51 
ont 
080 G48 
34 
O88 G47 
78 
O85 Cad 79 
O83 G42 
O82 Cat 
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[ie vmeee eee), | ee ee ie 
Ra5 
C39 R28 128 983 
Rar 
[Ca A 0 
C36 R29 
cag [89 | aaea.a [820.5 | | 
a 
C38 Ra3 196 
137 
C29 R38 138 
car | 96 | tea | 1820.5 | | Rae 140 
cas [98 | saeaa | 18235 | [Rao 
cea | 90 | aba. | 1820.5 149 
C23 
C22 146 
c20 a7 
Osc 3800. 
fdummyt [| 2674 | 17004 
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[dummy 5 [= [48.9 [17004 
sc088 [dummy [= [2504 | 17904 
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1 FEATURES | 2 GENERAL DESCRIPTION 
e Single-chip LCD controller/driver The PCF8566 is a peripheral device which interfaces to 
e Selectable backplane drive configuration: static almost any Liquid Crystal Display (LCD) having low 


multiplex rates. It generates the drive signals for any static 
or multiplexed LCD containing up to four backplanes and 
up to 24 segments and can easily be cascaded for larger 


or 2, 3 or 4 backplane multiplexing 
e Selectable display bias configuration: static, > or 


e Internal LCD bias generation with voltage-follower LCD applications. The PCF8566 is compatible with most 
buffers microprocessors/microcontrollers and communicates via a 

e 24 segment drives: up to twelve 8-segment numeric two-line bidirectional I@C-bus. Communication overheads 
characters; up to six 15-segment alphanumeric are minimized by a display RAgmM with auto-incremented 
characters; or any graphics of up to 96 elements addressing, by hardware subaddressing and by display 


© 24x 4-bit RAM for display data storage memory switching (static and duplex drive modes). 


e Auto-incremented display data loading across device 
subaddress boundaries 


e Display memory bank switching in static and duplex 
drive modes 


e Versatile blinking modes 


LCD and logic supplies may be separated 


2.5 to 6 V power supply range 
e Low power consumption 


e Power saving mode for extremely low power 
consumption in battery-operated and telephone 
applications 


I?C-bus interface 
TTL/CMOS compatible 


e Compatible with any 4-bit, 8-bit or 16-bit 
microprocessors/microcontrollers 


e May be cascaded for large LCD applications 
(up to 1536 segments possible) 


Cascadable with the 40 segment LCD driver PCF8576C 


e Optimized pinning for single plane wiring in both single 
and multiple PCF8566 applications 


Space-saving 40 lead plastic very small outline package 
(VSO40; SOT158-1) 


No external components required (even in multiple 
device applications) 


Manufactured in silicon gate CMOS process. 


3 ORDERING INFORMATION 


YPE NUMBE Ranaleinas 
T R 
| NAME | DESCRIPTION VERSION 
PCF8566P DIP40 | plastic dual in-line package; 40 leads (600 mil) SOT129-1 
PCF8566T VSO40_ | plastic very small outline package; 40 leads SOT158-1 
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Fig.1 Block diagram. 
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5 PINNING 


SYMBOL DESCRIPTION 
l2C-bus data input/output 


l2C-bus clock input/output 


SDA 
el ll ——~ cel 
input/output 
ouK 
Woo 
[oso 

AO 


l2C-bus subaddress inputs 


l2?C-bus slave address bit 0 input 
logic ground 
LCD supply voltage 


Vicp 


SDA 
SCL 
SYNC 
CLK 
Vpp 
OSC 
AO 
Al 
A2 
SAO 
Vss 
BPO 
BP2 
BP1 


1 
2 

3 

4 

5 

7 

10 

11 

12 

13 

14 

LCD backplane outputs 

SO to $23 | 17 to 40 | LCD segment outputs 


MGG382 


Fig.2 Pin configuration. 
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6 FUNCTIONAL DESCRIPTION All of the display configurations given in Table 1 can be 
implemented in the typical system shown in Fig.3. 

The host microprocessor/microcontroller maintains the 
two-line I?C-bus communication channel with the 
PCF8566. The internal oscillator is selected by tying OSC 
(pin 6) to Vsg. The appropriate biasing voltages for the 
multiplexed LCD waveforms are generated internally. 
The only other connections required to complete the 
system are to the power supplies (Vpp, Vss and Vicp) and 
to the LCD panel chosen for the application. 


The PCF8566 is a versatile peripheral device designed to 
interface any microprocessor to a wide variety of LCDs. 
It can directly drive any static or multiplexed LCD 
containing up to 4 backplanes and up to 24 segments. 
The display configurations possible with the PCF8566 
depend on the number of active backplane outputs 
required; a selection of display configurations is given in 
Table 1. 


Table 1 Selection of display configurations 


ACTIVE 
NUMBER OF 14-SEGMENT 
gpa aras SEGMENTS 7-SEGMENT NUMERIC ALPHANUMERIC DOT MATRIX 


4 12 digits + 12 indicator | 6 characters + 12 indicator 96 dots (4 x 24) 
symbols symbols 
3 72 9 digits + 9 indicator 4 characters + 16 indicator 72 dots (3 x 24) 
symbols symbols 
2 48 6 digits + 6 indicator 3 characters + 6 indicator 48 dots (2 x 24) 
symbols symbols 
1 24 3 digits + 3 indicator 1 character + 10 indicator 24 dots 
symbols symbols 


HOST 17 to 40} 24 segment drives LCD PANEL 
MICRO- 
PROCESSOR/ PCF8566 (up to 96 


MICRO- elements) 
CONTROLLER 13 to 16 


QO 11 


8 9 1 


Fig.3 Typical system configuration. 
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6.1 Power-on reset 


At power-on the PCF8566 resets to a defined starting 
condition as follows: 

1. All backplane outputs are set to Vpp 

All segment outputs are set to Vpp 

The drive mode ‘1 : 4 multiplex with bias’ is selected 
Blinking is switched off | 


Input and output bank selectors are reset (as defined 
in Table 5) 


The l?C-bus interface is initialized 


N® 


The data pointer and the subaddress counter are 
cleared. 


Data transfers on the I2C-bus should be avoided for 1 ms 
following power-on to allow completion of the reset action. 


6.2 LCD bias generator 


The full-scale LCD voltage (Vop) is obtained from 

Vpp — Vicp- The LCD voltage may be temperature 
compensated externally through the Vi cp supply to pin 12. 
Fractional LCD biasing voltages are obtained from an 
internal voltage divider of three series resistors connected 
between Vpp and Vicp. The centre resistor can be 
switched out of circuit to provide a Yebias voltage level for 
the 1: 2 multiplex configuration. 


6.3. LCD voltage selector 


The LCD voltage selector coordinates the multiplexing of 
the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is 
controlled by MODE SET commands from the command 
decoder. The biasing configurations that apply to the 
preferred modes of operation, together with the biasing — 
characteristics as functions of Vop = Vop — Vicp and the 
resulting discrimination ratios (D), are given in Table 2. 


A practical value of Vop is determined by equating Voffrms) 
with a defined LCD threshold voltage (Vi,), typically when 
the LCD exhibits approximately 10% contrast. In the static 
drive mode a suitable choice is Vop 2 3 Vin. Multiplex drive 
ratios of 1: 3 and 1: 4 with % bias are possible but the 
discrimination and hence the contrast ratios are smaller 


(./3 = 1.732 for 1:3 multiplex or ./21/3 = 1.528 for 
1: 4 multiplex). The advantage of these modes is a 
reduction of the LCD full scale voltage Vo, as follows: 


1: 3 multiplex (Ybias): 
Vop = V6Vooimrs) = 2-449V 


off (rms) 
1: 4 multiplex (Yobias): 


Vop = 3/3V = 2.309V 


off (rms) off (rms) 


These compare with Vop = 3 Vottrms) when ‘bias is used. 


Table 2. Preferred LCD drive modes: summary of characteristics 


LCD BIAS V 


LCD DRIVE MODE | CONFIGURATION 


Static (1 BP) 
1: 2 MUX (2 BP) 


static (2 levels) 
“% (3 levels) 


1 : 2 MUX (2 BP) Ve (4 levels) 


1: 3 MUX (3 BP) ¥ (4 levels) 


1: 4 MUX (4 BP) Ve (4 levels) 
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off (rms) 


Vi56 


0 


(2/4 = 0.354 
Va = 0.333 
Vz = 0.333 
Va = 0.333 


V 


on(rms) 


Vise 


Von (rms) 


D = 
off (rms) 


1 oo 


V10/4 = 0.791 J5 = 2.236 


/33/9 = 0.638 (33/3 = 1.915 


/3 = 1.732 


J/3/3 = 0.577 
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6.4 LCD drive mode waveforms 


The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and segment drive 
waveforms for this mode are shown in Fig.4. 


When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8566 allows use of 
% or V3 bias in this mode as shown in Figs 5 and 6. 


The backplane and segment drive waveforms for the 1 : 3 multiplex drive mode (three LCD backplanes) and for the 1 : 4 
multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 


| Ttrame _ 


Vpop LCD segments 


VpD 
VLCD 
“ LIL 
VLCD 
(a) waveforms at driver 


Vop 


state 1 At any instant (t): 


Vetate 1(t) = Vgp(t) - Vepott) 
Von(rms) = Vop 


Vstate 2(t) = Vs, 4 1 (t) — VBpolt) 
state 2 eis Voff(rms) =0V 


(b) resultant waveforms 
at LCD segment MGG392 


Fig.4 Static drive mode waveforms: Vop = Vpp — Vico. 
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VDD 
BPO (Vpp + Vicp)/2 — 


«—— Ttrame ——— 
LCD segments 


VLCD 


state 1 


VDD 
BP1 (Vpp + Vicp)/2 — 


state 2 


VLCD 


Po. 
fF 
“TT 
SU 


Sn 
VLCD me 
VpD 
Sn+1 
VCD 
(a) waveforms at driver 
V 
oe At any instant (t): 
Vanl2 
oP Vstate 1(t) = Vs) (t) — VBpolt) 
state 1 0 Von(rms) = “2Pv10 = 0.791Vop 
-Vop —— Vstate 2(t) = Vg, (t) - Vapi (t) 
_ Vopyo — 
Vep Voff(rms) = Ne = 0.354Vop, 
Vop/2 ———— 
state 2 Qe 
—Vop/2 ———— 
~Vop (b) resultant waveforms MGG394 


at LCD segment 


Fig.5 Waveforms for 1 : 2 multiplex drive mode with '% bias: Vop = Vpop — Vico: 
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—<—§ Ttrame ——> 


BPO 


BP1 


Sn+1 


state 1 


state 2 


VpbD 


LCD segments 


Vpp - Vop/3 a 
Vpp - 2V op/3 = 
VLCD ———_ 


4 


state 1 


Vpp ~ Vop/3 — 
Vpp - 2Vop/3 — 
VLCD 


state 2 


op 


Vpp —-———- 
Vpp ae Vop/3 — 
Vpp - 2V,,/3 — 


op 
VLCD 


VDD. == 
Vpp — Vop/3 —= 
Vpp - 2Vop/3 = 
ViCD 


(a) waveforms at driver 
Vop 
0 


—V 9/3 
-2Vop/3 


At any instant (t): 


op 
Vop 
2Vop/3 


Vstate 1(t) = Vs, (t) — VBpott) 
—V,.-———— Von(rms) = Vopy5 = 0.745V 
3 


op 


op!9 Vstate 2(t) = Vs_(t) - Vep1(t) 


Vop/3 


(b) resultant waveforms 
at LCD segment 


re V 
; | | | | | | Voff(rms) = = = 0.333Von 


MGG393 


Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1% bias: Vop = Vop — Vicp- 
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<< Tframe ———__-> 
(0) 2 aera LCD segments 
Vpp - Vop/3 aoe 
Vop - 2Vop/3 coe 
VCD 


BPO 


state 1 


VpD state 2 


VLCD-— 


BP1 


Vpp 

Vpp ~ Vop/3-— 
Vpop _ 2Vop/3 ne 
Veen 


BP2 


‘oD 
VLCD > 
Wop 
Vpp - Von/3-— 
S Op 

n+T  Vpp -2Vop/3— 

VLCD 

Vop _ Vop/3 em 
Vpp _ 2Vop/3 oa 
VLCD— 


Sp +2 


(a) waveforms at driver 
Vop 
2Vop/3 — 
Vop/3 
state 1 0 


At any instant (t): 


Nop/3 peu aetes, Vetate 1 (t) oo ~ Vepott) 
Vo 
p sotenintanumimitanssseasssannoemnntenannamitttta 
2V op/3 ———— Vetate a(t) = Vey (4 - Vep1(t) 


Vago Vo 
p 4 | | ; | V = OP = 0.333V 
state 2 Se onyims) 3 oF 


-V 
op (b) resultant waveforms 


M 
at LCD segment GG395 


Fig.7 Waveforms for 1 : 3 multiplex drive mode: Vop = Vop — Vicp. 
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—_—_——ltrame ——__> 
Vpp ——-———— LCD segments 
ppo ‘DD Vop/S— 
LCD 
state 1 
‘pp == state 2 
BPi Vpp — Vop/3 my 
LCD 
VOD == 
gpo  YDD~ Vop/3— 
yo Seep ©. @-.¢@ 
LCD 
Yop 
BP3 Vpp - Vop/3 aa 
Vpp - 2Vop/3 aaa & @ 
VLCD 
Yop = 
Vpp — 2Vop/3 — 
VLCD 
‘Do 
Sa41 YDD~Vop/8— 
Vpp - 2Vop/3 — 
VLCD 
VoD 
Sn+2 VDD - Yop? 
Vpp - 2Vop/3 
LCD 
VDD 
Vpp — 2Vop/3 
VLCD 
(a) waveforms at driver 
Vop 
2V op/3 
Vop/3 
state 1 SS — 
—Vop/3-—__— At any instant (t): 
-2Vop/3 ———— Vstate 1(t) = Vsy(t) - Vepolt) 
—-V_4,—_— Vv 
Vop 
2V op/3 Vstate a(t) = Vsptt) 7 VBP1 (t) 


Vop/3 Se Vo 
state 2 9 coe Voff(rms) = OP = 0.333V on 
Nie, : 


op (b) resultant waveforms MGG396 
at LCD segment 


Fig.8 Waveforms for 1 : 4 multiplex drive mode: Vop = Vpp — Vicp. 
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6.5 Oscillator 


The internal logic and the LCD drive signals of the 
PCF8566 or PCF8576 are timed either by the built-in 
oscillator or from an external clock. 


The clock frequency (fco_x) determines the LCD frame 
frequency and the maximum rate for data reception from 
the I2C-bus. To allow I#C-bus transmissions at their 
maximum data rate of 100 kHz, fe_~. should be chosen to 
be above 125 kHz. 


A clock signal must always be supplied to the device; 
removing the clock may freeze the LCD in a DC state. 


6.6 internal clock 


When the internal oscillator is used, OSC (pin 6) should be 
tied to Vss. In this case, the output from CLK (pin 4) 
provides the clock signal for cascaded PCF8566s and 
PCF8576s in the system. 


6.7 External clock 


The condition for external clock is made by tying OSC 
(pin 6) to Vpp; CLK (pin 4) then becomes the external 
clock input. 


6.8 Timing 


The timing of the PCF8566 organizes the internal data flow 
of the device. This includes the transfer of display data 
from the display RAM to the display segment outputs. 

In cascaded applications, the synchronization signal 
SYNC maintains the correct timing relationship between 
the PCF8566s in the system. The timing also generates 
the LCD frame frequency which it derives as an integer 
multiple of the clock frequency (Table 3). The frame 
frequency is set by MODE SET commands when internal 
clock is used, or by the frequency applied to pin 4 when 
external clock is used. 


Table 3 LCD frame frequencies 


PCF8566 MODE sie ean 


un2080 
cuxl480 


The ratio between the clock frequency and the LCD frame 
frequency depends on the mode in which the device is 
operating. In the power saving mode the reduction ratio is 
six times smaller; this allows the clock frequency to be 
reduced by a factor of six. The reduced clock frequency 
results in a significant reduction in power dissipation. 
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The lower clock frequency has the disadvantage of 
increasing the response time when large amounts of 
display data are transmitted on the I2?C-bus. When a 
device is unable to ‘digest’ a display data byte before the 
next one arrives, it holds the SCL line LOW until the first 
display data byte is stored. This slows down the 
transmission rate of the I2@C-bus but no data loss occurs. 


6.9 Display latch 


The display latch holds the display data while the 
corresponding multiplex signals are generated. There is a 
one-to-one relationship between the data in the display 
latch, the LCD segment outputs and one column of the 
display RAM. 3 


6.10 Shift register 


The shift register serves to transfer display information 
from the display RAM to the display latch while previous 
data are displayed. 


6.11 


The LCD drive section includes 24 segment outputs 

SO to $23 (pins 17 to 40) which should be connected 
directly to the LCD. The segment output signals are 
generated in accordance with the multiplexed backplane 
signals and with the data resident in the display latch. 
When less than 24 segment outputs are required the 
unused segment outputs should be left open-circuit. 


Segment outputs 


6.12 Backplane outputs 


The LCD drive section includes four backplane outputs 
BPO to BP3 which should be connected directly to the 
LCD. The backplane output signals are generated in 
accordance with the selected LCD drive mode. If less than 
four backplane outputs are required the unused outputs 
can be left open. In the 1: 3 multiplex drive mode BP3 
carries the same signal as BP1, therefore these two 
adjacent outputs can be tied together to give enhanced 
drive capabilities. In the 1 : 2 multiplex drive mode 

BPO and BP2, BP1 and BP3 respectively carry the same 
signals and may also be paired to increase the drive 
capabilities. In the static drive mode the same signal is 
carried by all four backplane outputs and they can be 
connected in parallel for very high drive requirements. 


6.13 Display RAM 


The display RAM is a static 24 x 4-bit RAM which stores 
LCD data. A logic 1 in the RAM bit-map indicates the ‘on’ 
state of the corresponding LCD segment; similarly, a 


logic 0 indicates the ‘off’ state. 
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There is a one-to-one correspondence between the RAM 
addresses and the segment outputs, and between the 
individual bits of a RAM word and the backplane outputs. 
The first RAM column corresponds to the 24 segments 
operated with respect to backplane BPO (see Fig.9). 

In multiplexed LCD applications the segment data of the 
second, third and fourth column of the display RAM are 
time-multiplexed with BP1, BP2 and BPS respectively. 


When display data are transmitted to the PCF8566 the 
display bytes received are stored in the display RAM 
according to the selected LCD drive mode. To illustrate the 
filling order, an example of a 7-segment numeric display 
showing all drive modes is given in Fig.10; the RAM filling 
organization depicted applies equally to other LCD types. 


With reference to Fig.10, in the static drive mode the eight 
transmitted data bits are placed in bit 0 of eight successive 
display RAM addresses. In the 1 : 2 multiplex drive mode 
the eight transmitted data bits are placed in bits 0 and 1 of 
four successive display RAM addresses. In the 1:3 
multiplex drive mode these bits are placed in 

bits 0, 1 and 2 of three successive addresses, with bit 2 of 
the third address left unchanged. This last bit may, if 
necessary, be controlled by an additional transfer to this 
address but care should be taken to avoid overriding 
adjacent data because full bytes are always transmitted. 
In the 1 : 4 multiplex drive mode the eight transmitted data 
bits are placed in bits 0, 1, 2 and 3 of two successive 
display RAM addresses. 


6.14 Data pointer 


The addressing mechanism for the display RAM is 
realized using the data pointer. This allows the loading of 
an individual display data byte, or a series of display data 
bytes, into any location of the display RAM. 


Product specification 
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The sequence commences with the initialization of the 
data pointer by the LOAD DATA POINTER command. 
Following this, an arriving data byte is stored starting at the 
display RAM address indicated by the data pointer thereby 
observing the filling order shown in Fig.10. The data 
pointer is automatically incremented according to the LCD 
configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight 
(static drive mode), by four (1 : 2 multiplex drive mode), by 
three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex 
drive mode). 


6.15 Subaddress counter 


The storage of display data is conditioned by the contents 
of the subaddress counter. Storage is allowed to take 
place only when the contents of the subaddress counter 
agree with the hardware subaddress applied to 

AO, Ai and A2 (pins 7, 8, and 9). AO, A1 and A2 should 
be tied to Vss or Vpp. The subaddress counter value is 
defined by the DEVICE SELECT command. If the contents 
of the subaddress counter and the hardware subaddress 
do not agree then data storage is inhibited but the data 
pointer is incremented as if data storage had taken place. 
The subaddress counter is also incremented when the 
data pointer overflows. 


The storage arrangements described lead to extremely 
efficient data loading in cascaded applications. When a 
series of display bytes are being sent to the display RAM, 
automatic wrap-over to the next PCF8566 occurs when 
the last RAM address is exceeded. Subaddressing across 
device boundaries is successful even if the change to the 
next device in the cascade occurs within a transmitted 
character. 


display RAM addresses (rows)/segment outputs (S) 


19 20 21 22 23 
im 


Ls 


display RAM bits 
(columns) / 


backplane outputs 
(BP) 


~ 


anew | ot 


4 


MGG389 


Fig.9 Display RAM bit-map showing direct relationship between display RAM addresses and segment outputs, 
and between bits in a RAM word and backplane outputs. 
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Fig.10 Relationships between LCD layout, drive mode, display RAM filling order and display data transmitted over the I?C-bus (X = data bit 
unchanged). 
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6.16 Output bank selector 


This selects one of the four bits per display RAM address 
for transfer to the display latch. The actual bit chosen 
depends on the particular LCD drive mode in operation 
and on the instant in the multiplex sequence. In 1 : 4 
multiplex, all RAM addresses of bit 0 are the first to be 
selected, these are followed by the contents of bit 1, bit 2 
and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 
are selected sequentially. In 1 : 2 multiplex, bits 0 then 1 
are selected and, in the static mode, bit 0 is selected. 


The PCF8566 includes a RAM bank switching feature in 
the static and 1 : 2 multiplex drive modes. In the static 
drive mode, the BANK SELECT command may request 
the contents of bit 2 to be selected for display instead of 
bit O contents. In the 1 : 2 drive mode, the contents of 
bits 2 and 3 may be selected instead of bits 0 and 1. 

This gives the provision for preparing display information 
in an alternative bank and to be able to switch to it once it 
is assembled. 


6.17 Input bank selector 


The input bank selector loads display data into the display 
RAM according to the selected LCD drive configuration. 
Display data can be loaded in bit 2 in static drive mode or 
in bits 2 and 3 in 1 : 2 drive mode by using the BANK 
SELECT command. The input bank selector functions 
independently of the output bank selector. 


Table 4 Blinking frequencies 
NORMAL OPERATING 
BLINKING MODE MODE RATIO 


Se ae a 


2 Hz foLK/92 160 
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POWER-SAVING 
MODE RATIO 


foLk/15360 


6.18 Blinker 


The display blinking capabilities of the PCF8566 are very 
versatile. The whole display can be blinked at frequencies 
selected by the BLINK command. The blinking frequencies 
are integer multiples of the clock frequency; the ratios 
between the clock and blinking frequencies depend on the 
mode in which the device is operating, aS shown in 
Table 4. 


An additional feature is for an arbitrary selection of LCD 
segments to be blinked. This applies to the static and 1: 2 
LCD drive modes and can be implemented without any 
communication overheads. By means of the output bank 
selector, the displayed RAM banks are exchanged with 
alternate RAM banks at the blinking frequency. This mode 
can also be specified by the BLINK command. 


In the 1 : 3 and 1 : 4 multiplex modes, where no alternate 
RAM bank is available, groups of LCD segments can be 
blinked by selectively changing the display RAM data at 
fixed time intervals. 


If the entire display is to be blinked at a frequency other 
than the nominal blinking frequency, this can be effectively 
performed by resetting and setting the display enable bit E 
at the required rate using the MODE SET command. 


NOMINAL BLINKING FREQUENCY 
fotink (Hz) 


blinking off 
2 
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7 1?C-BUS DESCRIPTION 


The |?C-bus is for 2-way, 2-line communication between 
different ICs or modules. The two lines are a serial data 
line (SDA) and a serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up resistor when 
connected to the output stages of a device. Data transfer 
may be initiated only when the bus is not busy. 


7.1 Bit transfer 


One data bit is transferred during each clock pulse. 

The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
at this time will be interpreted as control signals. 


7.2 Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not 
busy. A HIGH-to-LOW transition of the data line while the 
clock is HIGH is defined as the START condition (S). 

A LOW-to-HIGH transition of the data line while the clock 
is HIGH is defined as the STOP condition (P). 


7.3 System configuration | 


A device generating a message is a ‘transmitter’, a device 
receiving a message is a ‘receiver’. The device that 
controls the message is the ‘master’ and the devices which 
are controlled by the master are the ‘slaves’. 


7.4 Acknowledge 


The number of data bytes transferred between the START 
and STOP conditions from transmitter to receiver is not 
limited. Each byte is followed by one acknowledge bit. 
The acknowledge bit is a HIGH level put on the bus by the 
transmitter whereas the master generates an extra 
acknowledge related clock pulse. A slave receiver which is 
addressed must generate an acknowledge after the 
reception of each byte. Also a master must generate an 
acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that 
acknowledges has to pull down the SDA line during the 
acknowledge clock pulse, so that the SDA line is stable 
LOW during the HIGH period of the acknowledge related 
clock pulse, set up and hold times must be taken into 
account. A master receiver must signal an end of data to 
the transmitter by not generating an acknowledge on the 
last byte that has been clocked out of the slave. In this 
event the transmitter must leave the data line HIGH to 
enable the master to generate a STOP condition. 


| 

| change | 
| of data | 
| allowed | 


data line 
stable; 


data valid MBA607 


Fig.11 Bit transfer. 
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START condition STOP condition MBAG08 


Fig.12 Definition of START and STOP conditions. 


MASTER 
TRANSMITTER / TRANSMITTER / TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


MBA605 


Fig.13 System configuration. 


START clock pulse for 
condition acknowledgement 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT ak \ / 
BY RECEIVER MBAG606 - 1 


Fig.14 Acknowledgement on the |?C-bus. 


1997 Apr 02 351 


Philips Semiconductors 


Product specification 


Universal LCD driver for low multiplex 


rates 


PCF8566 


7.5 PCF8566 I2C-bus controller 


The PCF8566 acts as an I@C-bus slave receiver. It does 
not initiate I2@C-bus transfers or transmit data to an I2C-bus 
master receiver. The only data output from the PCF8566 
are the acknowledge signals of the selected devices. 
Device selection depends on the I2C-bus slave address, 
on the transferred command data and on the hardware 
subaddress. 


In single device applications, the hardware subaddress 
inputs AO, A1 and A2 are normally left open-circuit or tied 
to Vss which defines the hardware subaddress 0. 

In multiple device applications AO, A1 and A2 are left 
open-circuit or tied to Vsg or Vpp according to a binary 
coding scheme such that no two devices with a common 
l@C-bus slave address have the same hardware 
subaddress. 


In the power-saving mode it is possible that the PCF8566 
is not able to keep up with the highest transmission rates 
when large amounts of display data are transmitted. If this 
situation occurs, the PCF8566 forces the SCL line LOW 
until its internal operations are completed. This is known 
as the ‘clock synchronization feature’ of the I2C-bus and 
serves to slow down fast transmitters. Data loss does not 
occur. 


7.6 Input filters 


To enhance noise immunity in electrically adverse 
environments, RC low-pass filters are provided on the 
SDA and SCL lines. 


7.7. I2C-bus protocol 


Two I2C-bus slave addresses (0111110 and 0111111) are 
reserved for PCF8566. The least-significant bit of the slave 
address that a PCF8566 will respond to is defined by the 
level tied at its input SAO (pin 10). Therefore, two types of 
PCF8566 can be distinguished on the same I2C-bus which 
allows: 


1. Up to16 PCF8566s on the same I2C-bus for very large 
LCD applications 


2. The use of two types of LCD multiplex on the same 
l2C-bus. 
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The I?C-bus protocol is shown in Fig.15. The sequence is 
initiated with a START condition (S) from the I?C-bus 
master which is followed by one of the two PCF8566 slave 
addresses available. All PCF8566s with the corresponding 
SAO level acknowledge in parallel the slave address but all 
PCF8566s with the alternative SAO level ignore the whole | 
I2C-bus transfer. After acknowledgement, one or more 
command bytes (m) follow which define the status of the 
addressed PCF8566s. The last command byte is tagged 
with a cleared most-significant bit, the continuation bit C. 
The command bytes are also acknowledged by all 
addressed PCF8566s on the bus. 


After the last command byte, a series of display data bytes 
(n) may follow. These display data bytes are stored in the 
display RAM at the address specified by the data pointer 
and the subaddress counter. Both data pointer and 
subaddress counter are automatically updated and the 
data are directed to the intended PCF8566 device. 

The acknowledgement after each byte is made only by the 
(AO, A1, A2) addressed PCF8566. After the last display 
byte, the I?C-bus master issues a STOP condition (P). 


7.8 Command decoder 


The command decoder identifies command bytes that 
arrive on the |?C-bus. All available commands carry a 
continuation bit C in their most-significant bit position 
(see Fig.16). When this bit is set, it indicates that the next 
byte of the transfer to arrive will also represent a 
command. 

If the bit is reset, it indicates the last command byte of the 
transfer. Further bytes will be regarded as display data. 


The five commands available to the PCF8566 are defined 
in Table 5. 


352 


Philips Semiconductors Product specification 


Universal LCD driver for low multiplex 


PCF8566 
rates 


acknowledge by acknowledge 
7 all addressed by pee A2 
PCF85 
nas aes PCF8566 only 


slave address 


S 
s 011141 1 Alofale COMMAND DISPLAY DATA se 
0 
1 byte m >1 byte(s) n= 0 byte(s) 


update data pointers 
and if necessary, 
MGG390 subaddress counter 


Fig.15 I?C-bus protocol. 


0 = last command 
1 = commands continue 


MSB 
REST OF OPCODE 


MGG388s 


Fig.16 General format of command byte. 
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Table 5 Definition of PCF8566 commands 


COMMAND/OPCODE OPTIONS DESCRIPTION 


Mode set 


Mo see Table 6 defines LCD drive mode 
see Table 7 defines LCD bias configuration 


defines display status; the possibility to disable 
the display allows implementation of blinking 
under external control 


five bits of immediate data, bits P4 to PO, are 
transferred to the data pointer to define one of 
twenty-four display RAM addresses 


Device select 


C 1 1 A2 AO see Table 11 three bits of immediate data, bits AO to A2, are 
transferred to the subaddress counter to define 
one of eight hardware subaddresses 


Bank select 


Bank select 
C 1 1 1 1 | defines input bank selection (storage of arriving 
display data) 
defines output bank selection (retrieval of LCD 
display data) 
Seiten 
1:3 and 1 : 4 multiplex drive modes 
a 
C 1 


see Table 15 selects the blinking mode; normal operation 
with frequency set by bits BF1 and BFO, or 
blinking by alternation of display RAM banks. 

Alternation blinking does not apply in 1: 3 and 
1: 4 multiplex drive modes 


Table 6 LCD drive mode 


saicGer SSCSC~“—~S—sSSC“‘“‘CSCSC*dSCOSCSC“‘s*‘“‘ SSSCSC~*dS 
1 2MUX 2 PAE EE HST See 
1 @MUX (6 BP aac Saat 

ee ee 


1: 4 MUX (4 BP) 
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Table 7 LCD bias configuration 


Disabled (blank) 


Enabled 


Table 10 Load data pointer 


| ss | pa | ps | po | Pi | Po | 


Table 11 Device select 


a ee ee 


3-bit binary value of 0 to 7 


Table 12 Input bank selection 


RAM bit 0 RAM bits 0, 1 
RAM bit 2 RAM bits 2, 3 


Table 13 Output bank selection 


RAM bit 0 RAM bits 0, 1 
RAM bit 2 RAM bits 2, 3 


Table 14 Blinking frequency 


BLINK 
FREQUENCY BIT BF1 BIT BFO 


ft Eo 
1 


1997 Apr 02 


Table 15 Blink mode selection 


BLINK MODE BITA 
Normal blinking ae Se 
Alternation blinking 


7.9 


Display controller 


The display controller executes the commands identified 
by the command decoder. It contains the status registers 
of the PCF8566 and coordinates their effects. 


The controller is also responsible for loading display data 
into the display RAM as required by the filling order. 


7.10 Cascaded operation 


In large display configurations, up to 16 PCF8566s can be 
distinguished on the same |?C-bus by using the 3-bit 
hardware subaddress (AO, A1 and A2) and the 
programmable I?C-bus slave address (SAO). It is also 
possible to cascade up to 16 PCF8566s. When cascaded, 
several PCF8566s are synchronized so that they can 
share the backplane signals from one of the devices in the 
cascade. Such an arrangement is cost-effective in large 
LCD applications since the outputs of only one device 
need to be through-plated to the backplane electrodes of 
the display. The other PCF8566s of the cascade 
contribute additional segment outputs but their backplane 
outputs are left open-circuit (Fig.17). 


The SYNC line is provided to maintain the correct 
synchronization between all cascaded PCF8566s. 

This synchronization is guaranteed after the power-on 
reset. The only time that SYNC is likely to be needed is if 
synchronization is accidentally lost (e.g. by noise in 
adverse electrical environments; or by the definition of a 
multiplex mode when PCF8566s with differing SAO levels 
are cascaded). SYNC is organized as an input/output pin; 
the output section being realized as an open-drain driver 
with an internal pull-up resistor. A PCF8566 asserts the 
SYNC line at the onset of its last active backplane signal 
and monitors the SYNC line at all other times. 

Should synchronization in the cascade be lost, it will be 
restored by the first PCF8566 to assert SYNC. The timing 
relationships between the backplane waveforms and the 
SYNC signal for the various drive modes of the PCF8576 
are shown in Fig.18. The waveforms are identical with the 
parent device PCF8576. Cascade ability between 
PCF8566s and PCF8576s is possible, giving cost effective 
LCD applications. 
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17 to 40 
PCF8566 


LCD PANEL 


(up to 1536 
elements) 


BPO to BP3 
(open-circuit) 


17 to 40 | 24 segment drives 
PROCESSOR/ 
MICRO- PCF8566 
CONTROLLER 
13 to 16 |_4 backplanes 


ee BPO to BP3 | 
uM MGG384 


Fig.17 Cascaded PCF8566 configuration. 
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poet ee 
= frame 


BPO | | | 
SYNC | | | | 


(a) static drive mode. 


BP1 
(1/2 bias) 
BP1 
(1/3 bias) 


SYNC | | | | 


(b) 1 : 2 multiplex drive mode. 


7 i 


Yo 


(c) 1: 3 multiplex drive mode. 


| 


MBE535 


| ” Trrame | 


(d) 1 : 4 multiplex drive mode. 


Fig.18 Synchronization of the cascade for the various PCF8566 drive modes. 


For single plane wiring of PCF8566s, see Chapter “Application information’. 
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8 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


9 HANDLING 


Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is 
advised to take handling precautions appropriate to handling MOS devices (see “Handling MOS devices’). 
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10 DC CHARACTERISTICS 
Vss = 0 V; Vpp = 2.5 to 6 V; Vicp = Vpp — 2.5 to Vpp — 6 V; Tamb = —40 to +85 °C; unless otherwise specified. 


[syweo| PARAMETER | —_conomons | wm | TvP | wax | ONT 


Vpp operating supply voltage as V 
Vico | LCD supply vottags PS «*Mo 6 «dM | 


operating supply current foLk = 200 kHz; note 1 30 uA 
(normal mode) 
15 40 LA 


power saving mode supply current | Vpp = 3.5 V; Vicp = 0 V; 
fcLk = 35 kHz; AO, 

A1 and A2 tied to Vss; 
note 1 


ILP 


</t 
0 
KS) 
ron 


Logic 


LOW level input voltage 


HIGH level input voltage 


LOW level output voltage lo=OmA 
HIGH level output voltage lo=OmA 
( 


Vss 0.3Vpp 


0.7Vpp 


w) 
Oo 


> 


> > 


V 
V 
V 0.05 
V 


IL 
IH 
OL 
OH 
OH 


Vpp — 0.05 


as 


LOW level output current VoL=1V;Vpp=5V 


lout 
CLK and SYNC) 
( 


HIGH level output current (CLK) Voy =4V; Vpp = 5 V A 
lote LOW level output current Vor = 0.4 V; Vpp = 5 V 
(SDA and SCL) 


leakage current V, = Vss or Vop 
(SAO, CLK, OSC, AO, A1, A2, SCL 


I+ 

—_ 
= 

> 


and SDA) 


(AO, Ai, A2 and OSC) 


LCD outputs 


DC voltage component Cpp = 35 nF 
(BPO to BP3) 


DC voltage component (SO to S23) | Cs = 5 nF 
output impedance (BPO to BPS) Vicp = Vpp — 5 V; note 4 
output impedance (SO to S23) Vicp = Vpp—5 V; note 4 


5 


o1 


ol 
© 
poe © 
o1 
© 
<= 


De) 
ol 
re) 


NO 


~J] a 
© 
(>) 
— 
i?2) 


TS 
a 


aan 
eae 
oo 
a 
Woa=4 Vi Voo=8V oa 
ee 
Ea 
ane 
7 


3 
< 


+20 


< 


+20 


kQ 
Q 


x 


VBP 
Vs 
Zep 
Zs 


Notes 

1. Outputs open; inputs at Vsg or Vpp; external clock with 50% duty factor; I2C-bus inactive. 
2. Resets all logic when Vpp < Vref. 

3. Periodically sampled, not 100% tested. 

4. Outputs measured one at a time. 
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11 AC CHARACTERISTICS 
Vss =0 V; Vpp = 2.5 to 6 V; Vicp = Vpp — 2.5 to Vpp — 6 V; Tamb = —40 to +85 °C; unless otherwise specified; note 1. 


SYMBOL ~ PARAMETER CONDITIONS TYP. UNIT 
oscillator frequency (normal mode) | Vpp= 5 V; note 2 200 kHz 
( 


foLKLp oscillator frequency (power saving | Vpp=3.5 V kHz 
mode) 


Viso=Voo=8 


I2C-bus 


| START condition hold time 
SCL LOW time 


125 
21 


315 


Go 


ie) 
oO 
” M1 aDID DIDIDI DID 


f 
Oo 


= 
o 


c 
oO 


”n 


mN 


0 


c= 
wW 


j 
o>) 
j 
wm 


tsu: STA START condition set-up time 


SCL HIGH time 


Notes 


(repeated start code only) 


as 
N 


: no AlA/A/A]A 
g Ni NI Ni 


m 


1. All timing values referred to Viy and Vj, levels with an input voltage swing of Vgg to Vpp. 
2. At fork < 125 kHz, l?C-bus maximum transmission speed is derated. 


CLK | kQ pay SDA,SCL LEK 4 
(pin 4) (2%) “DD (pins 1, 2) (2%) DD 


SYNG 6.8 kQ 


(pin 3) (2%) VDD 


BPO to BP3 $0 to $23 


ins 13 to 16 ins 17 to 40 
P Pca ieee iA spine seit Mere A 


MGG387 


Fig.19 Test loads. 
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PCF8566 


tpSYNC —> — 


SIS NGIS 


BPO to BP3 
SO to S23 


0.5V 


MGG391 


Fig.20 Driver timing waveforms. 


4 


t BUF 


SCL 


t | 
HD;STA tr 'HD;DAT t HIGH 'SU;DAT 


SDA 


tear). 
SU:STA 
MGA728 t SU:STO 


Fig.21 |?C-bus timing waveforms. 
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MGG397 MGG398 


a. Normal mode; Vicp = 0 V; b. Low power mode; Vicp = 0 V; 
external clock = 200 kHz. external clock = 35 kHz. 


Fig.22 Typical supply current characteristics. 


MGG400 


6 8 
Vpp (V) 


a. Backplane output impedance BPO to BP3 b. Segment output impedance SO to S23 (Rs); 
(Rep); Vop = 5 V; Tamb = —40 to +85 °C. Vpp = 5 V. 


Fig.23 Typical characteristics of LCD outputs. 
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C9E 


SDA 
SCL 
SYNC 
CLK 
VDD 
OSC —(6| a 
AO AH 
Ai —(8| 8 | 
A2 —(9 | | 
VSS 
VLCD 
BPO BPO 
bes PCF8566 | Bpe PCF8566 
5b open-circuit SE 
BP3 BP3 
SO S24 
— S1 — $25 
— $2 — $26 
— $3 — $27 
$0 —--—-——-——--—-~-—-—-—~+-—-- $244 —-—--—-----—~—-—~—-~—~—--—-— 
foie een) 
BACKPLANES SEGMENTS 


Fig.24 Single plane wiring of package PCF8566s. 
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13 CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


— 2.5 mm) 


sg 

S10 | 

st oo 

si2| [29] - 

S13 ii es 
S14 

S15 PCF8566 [2] 

S16 

S17 

S18 [6] | osc 


S| 
o 
[+] 
[=] 


MBH783 


S19 
S20 
S21 
S22 
S23 

SDA 
SCL 
CLK 
VDD 


SYNC 


(1) Typical value. 

Pad size: 120 x 120 um 

Chip area: 7.27 mm. 

The numbers given in the small squares refer to the pad numbers. 


Fig.25 Eonding pad locations. 
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Table 16 Bonding pad locations (dimensions in mm) 
All x/y coordinates are referenced to centre of chip, (See Fig.25). 


SDA 200 = 

606 
0809080 tc 
08005 
ee eee 
SAO 
347 
BP 947 
674 
a7 
274 
6 89 080 88 
Si0 
S12 
17 
52 
S23 
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1 FEATURES 3 GENERAL DESCRIPTION 
Spelaung suppivelade 2 1G’ The PCF8570C is a low power static CMOS RAM, 


e Low data retention voltage; minimum 1.0 V organized as 256 words by 8-bits. 

* Low standby current; maximum 15 pA Addresses and data are transferred serially via a two-line 
e Power-saving mode; typical 50 nA bidirectional bus (I2C-bus). The built-in word address 

e Serial input/output bus (12C-bus) register is incremented automatically after each written or 


read data byte. Three address pins, AO, A1 and A2 are 
used to define the hardware address, allowing the use of 
e Automatic word address incrementing up to 8 devices connected to the bus without additional 


e Available in DIP8 and SO8 packages. hardware. 


Address by 3 hardware address pins 


2 APPLICATIONS 
e Telephony: 


— RAM expansion for stored numbers in repertory 
dialling (e.g. PCD33xxA applications) 


General purpose RAM for applications requiring 
extremely low current and low-voltage RAM retention, 
such as battery or capacitor-backed. 


Radio, television and video cassette recorder: 
— channel presets 


General purpose: 


— RAM expansion for the microcontroller families 
PCD33xxA, PCF84CxxxA, P8OCLxxx and most other 
microcontrollers. 


4 QUICK REFERENCE DATA 


SYMBOL PARAMETER CONDITIONS 


Vop supply voltage 


supply current (standby) fsc_ = 0 Hz 


supply current (power-saving mode) Tamb = 25 °C 
operating ambient temperature 
T stg storage temperature 


5 ORDERING INFORMATION 


PACKAGE 


TYPE 
NUMBER | NAME — DESCRIPTION | VERSION 
PCF8570CP DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1 
PCF8570CT plastic small outline package; 8 leads; body width 7.5 mm SOT176-1 
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6 BLOCK DIAGRAM 


WORD MEMORY 


PCF8570C ADDRESS , eee CELL 
REGISTER ARRAY 


COLUMN 
SELECT MULTIPLEXER 


| SHIFT R/W 
REGISTER - — 


MLB928 


Fig.1 Block diagram. 


7 PINNING 


SYMBOL 


SDA 


DESCRIPTION 


hardware address input 0 


hardware address input 2 
___| negative supply 


| 8 
er ae 
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serial data input/output | 
serial clock input | 


Input for power-saving mode (see section 
“Power-saving mode”). Also used as a test output 
during manufacture. TEST should be tied to Vss 
during normal operation. 


positive supply 


MLB929 


Fig.2 Pin configuration. 
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8 CHARACTERISTICS OF THE I2C-BUS 8.1 Bit transfer 
The |2C-bus is for bidirectional, two-line communication One data bit is transferred during each clock pulse. 
between different ICs or modules. The two lines are a The data on the SDA line must remain stable during the 


serial data line (SDA) and a serial clock line (SCL). Both HIGH period of the clock pulse as changes in the data line 
lines must be connected to a positive supply via a pull-up _at this time will be interpreted as a control signal. 

resistor. Data transfer may be initiated only when the bus 

is not busy. 


| | 
data line | change | 
stable; | of data | 
data valid | allowed | MBA607 


Fig.3 Bit transfer. 


8.2 Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is 
defined as the stop condition (P). 


S —___—_/ —_———/ P 


ee 


START condition STOP condition sos 


Fig.4 Definition of start and stop conditions. 
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8.3. System configuration 


A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls 
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’. 


TRANSMITTER / 


RECEIVER RECEIVER 


TRANSMITTER / 
RECEIVER i 


MASTER 


MASTER 


TRANSMITTER TRANSMITTER / 


RECEIVER 


MBA605 


Fig.5 System configuration. 


8.4 Acknowledge 


The number of data bytes transferred between the start 
and stop conditions from transmitter to receiver is 
unlimited. Each byte of eight bits is followed by an 
acknowledge bit. The acknowledge bit is a HIGH level 
signal put on the bus by the transmitter during which time 
the master generates an extra acknowledge related clock 
pulse. A slave receiver which is addressed must generate 
an acknowledge after the reception of each byte. Also a 
master receiver must generate an acknowledge after the 
reception of each byte that has been clocked out of the 
slave transmitter. 


START 
' condition 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


The device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times 
must be taken into consideration). A master receiver must 
signal an end of data to the transmitter by not generating 
an acknowledge on the last byte that has been clocked out 
of the slave. In this event the transmitter must leave the 
data line HIGH to enable the master to generate a stop 
condition. | 


clock pulse for 
acknowledgement 


MBAG606 - 1 eee 


Fig.6 Acknowledgement on the |@C-bus. 
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8.5 1#C-bus protocol 


Before any data is transmitted on the I?C-bus, the device which should respond is addressed first. The addressing is 
always carried out with the first byte transmitted after the start procedure. The |@C-bus configuration for the different 
PCF8570CC WRITE and READ cycles is shown in Figs 7, 8 and 9. 


acknowledgement acknowledgement acknowledgement 
from slave from slave from slave 


| SLAVE ADDRESS 0] WORD ADDRESS DATA ay P| 
m_ n bytes 
auto increment 


memory word address 


MBD822 


Fig.7 Master transmits to slave receiver (WRITE) mode. 


acknowledgement acknowledgement acknowledgement acknowledgement 
from slave from slave from slave : from master 


cS SLAVE ADDRESS 0 X WORD ADDRESS SLAVE ADDRESS 1 DATA oe yf 


RWW don't at this moment master - WV n bytes 
care transmitter becomes auto increment 
master - receiver and memory word address 
PCF8570C slave - 
receiver becomes 
slave - transmitter 


no acknowledgement 
from master 


an DOCS SONI 


-——— last byte 


auto increment 


LB9. 
preede memory word address 


Fig.8 Master reads after setting word address (WRITE word address; READ data). 
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acknowledgement acknowledgement acknowledgement 
from slave from slave from slave 


ee SLAVE ADDRESS 1A DATA DATA ace | 


R/W _ n bytes _iy _ last bytes _jT 


auto increment auto increment 
word address _ word address 


MBD824 


Fig.9 Master reads slave immediately after first byte (READ mode). 


9 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


[symeot | SSPARAMETER | OIN 

Voo [supply voltage (pind) ——SCSC~C*~“~“‘“*~“*~“~*~*~“~*~—w OSC” 

[vi__[input votage (any put) ——SSSC~C~“~“~“~“~*~“<~*~*~r 
fi [DCinputcurent ——SSSSCSC~SSS*d IO 

[OC ouputcunent SSCS di 

aaa =i 

Pe ae 

eae 

=o 

5 


Cac oT 


10 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC12 under 
“Handling MOS Devices”. 
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11 DC CHARACTERISTICS 
Vpp = 2.5 to 6.0 V; Vss = 0 V; Tamb = —40 to +85 °C; unless otherwise specified. 


[svweo.| _raRaweten | cowomons | MN. | TVR | WAX | UNT 


Supply 


Veo [supplyvotage —=SC=~“~*‘“‘~sS*‘“‘C™SNNC#C#*é‘zg]2wBSC*~sEC“‘iOOC‘d 


Supply current 


standby mode Vi = Vpp or Vgs; 

fgc. = 0 Hz; 

Tamb = -25 to +70 °C 
Vi = Vpp or Vss; 

fsci = 100 Hz 


operating mode 


ViL LOW level input voltage 
lot 


Inputs AO, A1, A2 and TEST 


fix [Input leakage current [Viz VoporVes——*4(-250-[- [+250 [na 


Inputs SCL and SDA 


[_[inputcapacitance——S«dWizVes——SSCSC~idSC“C*é‘iSS*dSCSCSC*id 


Low Vpp data retention 


supply current 


Power-saving mode (see Figs 13 and 14) 


ppp | supply current TEST = Vop; Tamb = 25 °C 


Notes 


1. The Power-on reset circuit resets the I@C-bus logic when Vpp < Vpor. The status of the device after a Power-on reset 
condition can be tested by sending the slave address and testing the acknowledge bit. 


2. If the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input current will flow; this 
current must not exceed +0.5 mA. 


1997 Apr 01 373 


Philips Semiconductors Preliminary specification 


256 x 8-bit static low-voltage RAM with 


P 
I2C-bus interface geo 


12 AC CHARACTERISTICS , 
All timing values are valid within the operating supply voltage and ambient temperature range and reference to V\, and 
Vin with an input voltage swing of Vss to Vpp. 


fsyweot]——=SSSSARANETER———~~*Y' Cw | TVR. | wax | ONT 


I2C-bus timing (see Fig. 10; note 1) 
SCL clock frequency 100 
tolerable spike width on bus : 


i [SCLandSDArsetme——SOSC~S~—~S | 
SCL and SDA fall time I | 
data hold time Oo. | - | 

SCL LOW-to-data out valid - | 
STOP condition set-up time 


Note 


1. A detailed description of the I@C-bus specification, with applications, is given in brochure “The C-bus and how to 
use it”. This brochure may be ordered using the code 9398 393 40011. 


START BIT 7 BIT 6 BITO | ACKNOWLEDGE STOP 
PROTOCOL CONDITION MSB (A6) LSB (A) CONDITION 
(S) (A7) (R/W) (P) 


Usu:sta tlow 'tHIGH 
> <1 |<? |—<J—_$_ > 


age TT ery 


SCL 


SDA 


a at > <i a 
t HD;STA 'su:pat st HD;DAT ' VD;DAT one tsu;sTO 


Fig.10 |@C-bus timing diagram; rise and fall times refer to Vi. and Vip. 
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13. APPLICATION INFORMATION 


13.1 Application example 


MASTER 
TRANSMITTER/ 


sc. RECEIVER 


0 PCF8570C 
'1010' 


TEST Vgs 


Vpop up to 8 PCF8570C 
0 ‘ PCF8570C 
1010 
0 
Test Vss 
| | 
| | 
Vop | | 
| | 
Vop 
Y PCF8570C 
DD 1010! Vpp 


A2 Vv SDA 
TEST SS 


SDA SCL MLB931 
(1?C —bus) 


It is recommended that a 4.7 wF/10 V solid aluminium capacitor (SAL) be connected between Vpp and Vgs. 


Fig.11 Application diagram. 
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13.2 Slave address 
The PCF8570C has a fixed combination 1 0 1 0 as group 1, while group 2 is fully programmable (see Fig.12). 


CPE =F 


t——— group 1 = group = MLB892 


Fig.12 Slave address. 


13.3. Power-saving mode 


With the condition TEST = Vpp or Vppr the PCF8570C goes into the power-saving mode and I#C-bus logic is reset. 


power saving | power saving 
<—— mode (1) —-»)«———- operating mode ———_» ,~«— mode (2) —» 
TEST = VpDR TEST = Vpp 


WZ spe 


CLL 


= 02" 


YY Aa 


LLL 


VpD 
VDDR 
OV 


IDp 


IDDs 
MLB932 


(1) Power-saving mode without 5 V supply voltage. 
(2) Power-seving mode with 5 V supply voltage. 
(3) tsy and typ1 24 us and typ2 250 us. 


Fig.13 Timing for power-saving mode. 
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It is recommended that a 4.7 uF/10 V solid aluminium capacitor (SAL) be connected between Vpp and Vgsg. 
(1) In the operating mode TEST = 0 \; in the power-saving mode TEST = Vppr. 


Fig.14 Application example for power-saving mode. 
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1 FEATURES 2 GENERAL DESCRIPTION 
e Serial input/output I?C-bus interface for minutes, hours, The PCF8573 is a low threshold, CMOS circuit that 
days and months functions as a real time clock/calendar. Addresses and 
. data are transferred serially via the two-line bidirectional 


Additional pulse outputs for seconds and minutes 


l2C-bus. 
Alarm register for presetting a time for alarm or remote 
switching functions The IC incorporates an addressable time counter and an 
addressable alarm register for minutes, hours, days and 
months. Three special control/status flags, COMP, POWF 


On-chip power fail detector 


e Separate ground pin for the clock allows easy and NODA, are also available. Back-up for the clock during 
implementation of battery back-up during supply supply interruptions is provided by a 1.2 V nickel cadmium 
interruption battery. The time base is generated from a 32.768 kHz 

e Crystal oscillator control (32.768 kHz) crystal-controlled oscillator. 


Low power consumption. 


3 QUICK REFERENCE DATA 


SYMBOL PARAMETER } MIN, 
supply voltage, clock (pin 16 to pin 15) 


supply voltage, I?C-bus (pin 16 to pin 8) 
crystal oscillator frequency 


4 ORDERING INFORMATION 


PACKAGE 
plastic small outline package; 16 leads; body width 7.5 mm 


fose 
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5 BLOCK DIAGRAM 


FSET | MIN SEC Vop 


32,768 kz 


TIME COUNTER EXTPF 


DAYS —> 
MINUTES —» HOURS —» DATE «— MONTHS PFIN 


3 

COMPARATOR COMP 
12 

ALARM REGISTER LS TEST 


LEVEL SHIFTER PCF8573 


Fig.1 Block diagram. 


6 PINNING 


[svmeou[ew[ DESCRIPTION 
[ao | 4 [addressinput 
fai__| 2 [addressinput SS 


er ee 
[EXTPF | 6 [enable power fall lag input 
PFIN | 7 [powertelfaginput —————s 


PCF8573P 
PCF8573T 


AO 

Al 

SD 

SC 

et 

| 
D 


common positive supply 


1997 Mar 28 380 


A 
L 


Fig.2 Pinning diagram. 
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7 FUNCTIONAL DESCRIPTION 
7.1 Oscillator 


The PCF8573 has an integrated crystal-controlled 
oscillator which provides the timebase for the prescaler. 
The frequency is determined by a single 32.76 kHz crystal 
connected between OSCI and OSCO. A trimmer is 
connected between OSCI and Vpp. 


7.2 Prescaler and time counter 


The prescaler provides a 128 Hz signal at the FSET output 
for fine adjustment of the crystal oscillator without loading 
it. The prescaler also generates a pulse once a second to 
advance the seconds counter. The carry of the prescaler 
and the seconds counter are available at the outputs SEC, 
MIN respectively, and are also readable via the I@C-bus. 
The mark-to-space ratio of both signals is 1: 1. The time 
counter is advanced one count by the falling edge of output 
signal MIN. A transition from HIGH-to-LOW of output 
signal SEC triggers MIN to change state. The time counter 
counts minutes, hours, days and months, and provides a 
full calendar function which needs to be corrected only 
once every four years - to allow for leap-year. Cycle 
lengths are shown in Table 1. 


Table 1 Cycle length of the time counter 


NUMBER OF BITS 


00 to 59 
00 to 23 
01 to 28 


minutes 
hours 


days") 


01 to 30 
01 to 31 


months 01 to 12 


Note 


7.3 Alarm register 


The alarm register is a 24-bit memory. It stores the 
time-point for the next setting of the status flag COMP. 
Details of writing and reading of the alarm register are 
included in the description of the characteristics of the 
l2C-bus. 


7.4 Comparator 


The comparator compares the contents of the alarm 
register and the time counter, each with a length of 24 bits. 
When these contents are equal the flag COMP will be set 
4 ms after the falling edge of MIN. This set condition 
occurs once at the beginning of each minute. This 
information is latched, but can be cleared by an instruction 
via the I?C-bus. A clear instruction may be transmitted 
immediately after the flag is set and will be executed. Flag 
COMP information is also available at the output COMP. 
The comparison may be based upon hours and minutes 
only if the internal flag NODA (no date) is set. Flag NODA 
can be set and cleared by separate instructions via the 
I2C-bus, but it is undefined until the first set or clear 
instruction has been received. Both COMP and NODA 
flags are readable via the I2C-bus. 


CARRY FOR 
FOLLOWING UNIT 


59 — 00 
23 — 00 
28 > 01 
or 29 > 01 
30 > 01 
31> 01 
12501 


CONTENT OF MONTH 
COUNTER 


COUNTING CYCLE 


2 (note 1) 
2 (note 1) 
4,6, 9, 11 

1, 3, 5, 7, 8, 10, 12 


1. During February of a leap-year the ‘Time Counter Days’ may be set to 29 by directly writing into it using the ‘execute 
address’ function. Leap-years must be tracked by the system software. 
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7.5 Power on/power fail detection 


If the voltage Vpp — Vssi falls below a certain value the 
operation of the clock becomes undefined. Thus a warning 
signal is required to indicate that faultless operation of the 
clock is not guaranteed. This information is latched in a 
flag called POWF (Power Fail) and remains latched after 
restoration of the correct supply voltage until a write 
procedure with EXECUTE ADDRESS has been received. 
The flag POWF can be set by an internally generated 
power fail level-discriminator signal for application with 
(Vpp — Vss1) greater than Vry1, or by an externally 
generated power fail signal for application with 

(Vpp — Vssi) less than Vry1. The external signal must be 
applied to the input PFIN. The input stage operates with 
signals of slow rise and fall times. Internally or externally 
controlled POWF can be selected by input EXTPF as 
shown in Table 2. 


Table 2 Power fail selection 


| 0 
0 
1 


0 
0 
| 
1 


Note . : 
1. O=Vss; (LOW); 1 = Vpp (HIGH). 


FUNCTION 
power fail is sensed internally 
test mode 
power fail is sensed externally 
no power fail sensed 


1997 Mar 28 


The external power fail control operates by absence of the 
Vpp — Vsse supply. Therefore the input levels applied to 
PFIN and EXTPF must be within the range of Vpp—Vssi. 
A LOW level at PFIN indicates a power fail. POWF is 
readable via the I?C-bus. A power-on reset for the I?C-bus 
control is generated on-chip when the supply voltage 
Vpp — Vssa is less than Vrpp. 


7.6 Interface level shifters 


The level shifters adjust the 5 V operating voltage 

(Vpp — Vsgz2) of the microcontroller to the internal supply 
voltage (Vpp — Vgsi) of the clock/calendar. The oscillator 
and counter are not influenced by the Vpp — Vsse supply 
voltage. If the voltage Vpp — Vsge is absent (Vpp = Vsso) 
the output signal of the level shifter is HIGH because Vpp 
is the common node of the Vpp — Vsgo and the Vpp — Vssi1 
supplies. Because the level shifters invert the input 
signals, the internal circuit behaves as if a LOW signal is 
present on the inputs. FSET, SEC, MIN and COMP are 
CMOS push-pull output stages. The driving capability of 
these outputs is lost when the supply voltage 

Vpp — Vgs2 = 0. 
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8 CHARACTERISTICS OF THE I?C-BUS 


The |?C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are a serial data line 
(SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor when 
connected to the output stages of a device. Data transfer may be initiated only when the bus is not busy. 


8.1 Bit transfer (see Fig.3) 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period 
of the clock pulse as changes in the data line at this time will be interpreted as control signals. 


| 
data line | change | 
stable; | of data | ; 
data valid | allowed | MBC621 


Fig.3 Bit transfer. 


8.2 Start and stop conditions (see Fig.4) 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is 
defined as the stop condition (P). 


START condition STOP condition scgoo 


Fig.4 Definition of start and stop conditions. 
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8.3. System configuration (see Fig.5) 


A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls 
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’. 


MASTER 


TRANSMITTER / 


RECEIVER RECEIVER 


TRANSMITTER / 
RECEIVER 


MASTER 
TRANSMITTER / 
RECEIVER 


MASTER 
TRANSMITTER 


MBA605 


Fig.5 System configuration. 


8.4 Acknowledge (see Fig.6) 


The number of data bytes transferred between the start 
and stop conditions from transmitter to receiver is 
unlimited. Each byte of eight bits is followed by an 
acknowledge bit. The acknowledge bit is a HIGH level 
signal put on the bus by the transmitter during which time 
the master generates an extra acknowledge related clock 
pulse. A slave receiver which is addressed must generate 
an acknowledge after the reception of each byte. Also a 
master receiver must generate an acknowledge after the 
reception of each byte that has been clocked out of the 
slave transmitter. 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER | 


SCL FROM 
MASTER ii 


fa 
START ~ 
CONDITION 


The device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times 
must be taken into consideration). A master receiver must 
signal an end of data to the transmitter by not generating 
an acknowledge on the last byte that has been clocked 
out of the slave. In this event the transmitter must leave the 
data line HIGH to enable the master to generate a stop 
condition, see Figs. 9 and 10. 


not acknowledge 


cio nl 


acknowledge 
ee eT ON. 


clock pulse for 


MBC602 acknowledgement 


Fig.6 Acknowledgment on the |?C-bus. 
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9 1?C-BUS PROTOCOL 
9.1 Addressing 


Before any data is transmitted on the |@C-bus, the device which should respond is addressed first. The addressing is 
always done with the first byte transmitted after the start procedure. 


The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only an input signal, 
but the data signal SDA is a bidirectional line. 


The clock/calendar slave address is shown in Fig.7. Bits AO and A1 correspond to the two hardware address pins AO and 
A1. Connecting these to Vpp or Vss allows the device to have 1 of 4 different addresses. 


MSB LSB 


7286686 


Fig.7 Slave address. 


9.2. Clock/calendar READ/WRITE cycles 
The |?C-bus configuration for different clock/calendar READ and WRITE cycles is shown in Figs 8, 9 and 10. 


The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the clock/calendar 
address is followed by the MODE-POINTER-word which contains a CONTROL-nibble (Table 3) and an 
ADDRESS-nibble (Table 4). The ADDRESS-nibble is valid only if the preceding CONTROL-nibble is set to EXECUTE 
ADDRESS. The third transmitted word contains the data to be written into the time counter or alarm register. 


acknowledge acknowledge acknowledge 
from slave from slave from slave 


R/W | MS8 LSB { 


CLOCK/CALENDAR MOD INTER 
S| ADDRESS jo} | ODE POINTE DATA A 


| n bytes 
{n=0, 1,2,...) 


auto increment 


of B1, BO 
C2/C1/CO 
7286687 


Fig.8 Master transmitter transmits to clock/calendar slave receiver. 
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acknowledge acknowledge acknowledge acknowledge (1) 
| slave mm slave from slave from master no acknowledge 


aiwt R/W MSB LSB { MSB LSB { 


CLOCK/CALENDAR SPREE CALENDASS 


! 
at this moment master (n—1) bytes mise ot byte ———» 
transmitter becomes 
master receiver and — 
CLOCK/CALENDAR 


becomes slave transmitter auto increment auto increment 7286690.1 
of B1, 80 of Bt, BO 


(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been clocked 
out of the slave. 


Fig.9 Master transmitter reads clock/calendar after setting mode pointer. 


acknowledge acknowledge 
al slave from master 


RiW} MSB LSB | 


beau 1S ReacceMe 
ADDRESS 
" ‘ 
| 
is n bytes ———»! 


auto increment 
of Bt, BO 7286689 


(1) 


(1) The master receiver must signal an end of data to the slave transmitter by not generating an Romnewled? on the last byte that has been clocked 
out of the slave. 


Fig.10 Master reads clock/calendar immediately after first byte. 
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Table 3 MODE-POINTER-word, CONTROL-nibble (bits 8, 7, 6 and 5) 


FUNCTION 


execute address 
read control/status flags 


reset prescaler, including seconds counter; without carry for minute counter 


time adjust, with carry for minute counter (note 1) 
reset NODA flag 

set NODA flag 

reset COMP flag 


Note 


1. If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 s. From the count 
30 there is a carry which adjusts the time by max. +30 s. 


Table 4 MODE-POINTER-word, ADDRESS-nibble (bits 4, 3, 2 and 1) 


ADDRESSED TO: 


time counter hours 
time counter minutes 
time counter days 
time counter months 
alarm register hours 
alarm register minutes 
alarm register days 


+2 +sc0celg 
wsoosscot 
ososonolg 


alarm register months 


At the end of each data word the address bits B1, BO will be incremented automatically provided the preceding 
CONTROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2. 


Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the addressed part of 
the time counter and alarm register respectively. 


Table 6 shows the acknowledgement response of the clock calendar as a slave receiver. 


Table 5 Placement of BCD digits in the DATA byte; note 1 


MSB 


UPPER DIGIT LOWER DIGIT 


ADDRESSED TO: 


hours 
minutes 
days 

months 


Note 
1. ‘X’ is the don’t care bit; ‘D’ is the data bit. 
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Acknowledgement response of the PCF8573 as slave-receiver is shown in Table 6. Note that data is only associated 
with the ‘execute address’ function where CO, C1, C2 = 0, 0, 0. 


Table 6 Slave receiver acknowledgement; note 1 


MODE POINTER 


BIT 4 


ACKNOWLEDGE ON BYTE: 


ADDRESS | MODE POINTER | DATA 


Koons c cele 
Knot enone 
em 
mf 
eee 


- Oo 90000 00 0 0 


@ 
a | 
co 
waa soocoelg 


Note 
1. ‘x’ is ‘don’t care’. 


To read the addressed part of the time counter and alarm register, plus information from specified control/status flags, 
the BCD digits in the DATA byte are organized as shown in Table 7. 


The status of the CONTROL-nibble of the MODE-POINTER-WORD (C2, C1, CO) remains unchanged until re-written. 


Table 7 Organization of the BCD digits in the DATA byte; note 1 


Note | | 
1. ‘D’ is the data bit; ‘m’ = minutes; ‘s’ = seconds. 
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10 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
supply voltage (pin 16 to pin 15) -0.3 +8.0 
supply voltage (pin 16 to pin 8) 


Vi input voltage 
pins 4 and 5 (with input impedance of minimum 500 Q) 
pins 6, 7, 13 and 14 
any other pin 

T 


| 
o) 
Go 
zo 
00 
; 


fio [DC outputcurent SS S—~—“~—‘SSCSCSCSCSCS 
Pee | total power dissipation per package fs 200 


power dissipation per output 
amb operating ambient temperature —40 
55 


11 HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC 12 
under “Handling MOS Devices”. 
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12 DC CHARACTERISTICS 
Vsse = 0 V; Tamb = —40 to + 85 °C unless otherwise specified. Typical values at Tamp = 25 °C. | 


symsoL| PARAMETER conomons | mw. | tye | max, |UN 


Supply 


Voo ~ Voss [supply voltage (PC interlace) | —=~=~“‘*‘*drS:*SC*“‘*rSN™#C#*d‘S™SCSC*~‘* 
Voo=Vssi | supply voltage (clock) __|thoar =300n8 (i. ——~—~=«*dS—(| Vo — Vase |V 


Issy supply current see Fig. 11 
at Vss (pin 15) Vpp — Vssi = 1.5 V 


Isso Supply current Vpp — Vss2 = 5 V; | 
at Vsso (pin 8) lo = 0 all outputs 


Input SCL, input/output SDA 


s|s/z 
= oO 
- =E 
re) = 
re) O 
re} < 
© © 
oO ea, 
oat 

i) 

2 a; 
ro) Cc 
-—F- 

© < 
o 
== 

fad) 

Yo} 

ro) 
¢ | | © 
| 
<= 

oO 

s) 


+ 


TS 
Ss 
Cc 
~- 
OD 
jad) 
as 
feb) 
oO 
OQ 
Cc 
: 
|. 
pe | 
=~ 
< 
TT 
< 
(op) 
ep) 
po 
re) 
= 
< 
Oo 
oO 
N © 
— ee) 
<= 
Oo 
jw) 
oOiti<cli<e = 


Vit 

Vin | 
lu 

Ci 


Inputs AO, A1, TEST . 


LOW level input voltage nr a 
HIGH level input voltage Re eee 
input leakage current —250 


Inputs EXTPF, PFIN 


ViL 
Vin 
lu 


=) 


+ 

MN 
gl 
fo) 


0.2Vpp — Vssi 


= 


V; = Vss1 to Vpp; —0.1 
Tamb = 25 2G 


+ 
—s 


+ 
© 
vs 
c 
> 


Output SDA (n channel open-drain) 


VoL LOW level output voltage output ON; lo = 3 mA; 
Vpp — Vsse = 2.5 to 6 V 

ly input leakage current Vpp — Vsse = 6 V; 
Vo=6V 


Output SEC, MIN, COMP, FSET (normal buffer outputs) 


| 
— 
© 
Oo 
AA 


Cc 
En 


+1.0 


Vor LOW level output voltage Vpp — Vsse = 2.5 V; 0.4 V 

lo = 0.3 MA 
| Vpp — Vsge = 4 to 6 V; V 

lo=1.6 mA 

Vou HIGH level output voltage Vpp — Vsse = 2.5 V; Vpp — 0.4 V 
lo =-0.1 mA 
Vpp — Vsse = 4 to 6 V; Vpp — 0.4 V 
lo = -0.5 mA 

1997 Mar 28 390 


Philips Semiconductors Product specification 


Clock/calendar with Power Fail Detector PCF8573 


Internal threshold voltages 


4 6 
Vpp-Vssi (V) 


Fig.11 Typical supply current (Iss;) as a function of clock supply voltage (Vpp — Vss1) at Tamb = —40 to +85 °C. 
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13 AC CHARACTERISTICS 
Vsse = 0 V; Tamb = —40 to +85 °C unless otherwise specified. Typical values at Tamp = +25 °C. 


[syweo.[ _Parawerer | __cowomons | mm. | TYR | WAX [UNT 


Rise and fall times of input signals 


input PEIN 
all other inputs (levels 1 
| between Vi, and Vj) 


fall time input EXTPF 
input PFIN 


N1n1D mn 


all other inputs (levels 
between Vj and Vjy) 


40 
3 


integrated oscillator capacitance Lo 


ty 

tf 
oscillator feedback resistance 
Af 


osc oscillator stability A(Vpp — Vss1) = 100 mV; 
Fam = 25 sl Se 


2x 10-7 


© 
Bil 


(Vop — Vssi1) = 1-55 V 
Quartz crystal parameters (f = 32.768 kHz) 


Rs series resistance 
parallel load capacitance 
trimmer capacitance : 


l2C-bus timing (see Fig.12; notes 1 and 2) 


SCL clock frequency 
tolerable spike width on bus 
t, 

tf 


fi 
oo) 
~~ 


il 


= (ape ae ae ae 
os O|NIO|NIN 


— 
(o>) 


NO 
o1 


TT |S 


100 
100 n 


” 


x 
N 


, —*([SCLandSDATisetime —_—_— 
ty _—*([SCLandSDAtallime 
25 
STOP condition set-up time 


Notes 


a 
oO 


U 


& es 
a w}]o 


1. All timing values are valid within the operating supply voltage and ambient temperature range and reference to Vj. 
and Vj with an input voltage swing of Vss to Vpp. 


2. A detailed description of the I@C-bus specification, with applications, is given in brochure “The fC-bus and how to 
use it’. This brochure may be ordered using the code 9398 393 40011. 
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START BIT 7 BITO | ACKNOWLEDGE STOP 
PROTOCOL CONDITION MSB LSB (A) CONDITION 
(S) (A7) (R/W) (P) 


tsu-sTa ttow 'HIGH 
a al << —$—_$_—_—_— 


<< 
'su:pat =" HD;DAT ee 'su;sTo 


Fig.12 |?C-bus timing diagram; rise and fall times refer to Vi_ and Vip. 
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14 APPLICATION INFORMATION 


R: pull-up resistor 


——— | Fe MASTER DEVICE 


PCF 8570 zs MICROCONTROLLER 
128 x 8 BIT STATIC CMOS RAM 


Vss 
a ———a 
Cl 


Vop Osco OSs 64 LCD 


SDA SEGMENT DRIVER 
PCF8573 Ed 


SCL 
ai Yss2 Test Yss1 | 
pong 


detection circuit Reh : resistor for 
with very high permanent charging 


impedance 


7Z86688.3 


Fig.13 Application example of the PCF8573 clock/calendar with battery backup. 


SCL SDA Vop 

MASTER 

MICRO - TEST PCF 8571 
CONTROLLER 


Vss 


72879451 


Fig.14 Application example of the PCF8573 with common Vsg; and Vggp supply. 
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1 FEATURES 2 GENERAL DESCRIPTION 
e Operating supply voltage 2.5 to 6 V The PCF8574 is a silicon CMOS circuit. It provides general 


purpose remote I/O expansion for most microcontroller 


e Low standby current consumption of 10 uA maximum seruasaa nies 
families via the two-line bidirectional bus (I@C). 


e |2C to parallel port expander 
The device consists of an 8-bit quasi-bidirectional port and 
an |2C-bus interface. The PCF8574 has a low current 
¢ 8-bit remote I/O port for the I@C-bus consumption and includes latched outputs with high 
e Compatible with most microcontrollers current drive capability for directly driving LEDs. It also 
possesses an interrupt line (INT) which can be connected 
to the interrupt logic of the microcontroller. By sending an 
interrupt signal on this line, the remote I/O can inform the 
Address by 3 hardware address pins for use of up to microcontroller if there is incoming data on its ports without 
8 devices (up to 16 with PCF8574A) having to communicate via the I?C-bus. This means that 
e DIP16, or space-saving SO16 or SSOP20 packages. the PCF8574 can remain a simple slave device. 


The PCF8574 and PCF8574A versions differ only in their 
slave address as shown in Fig.9. 


e Open-drain interrupt output 


e Latched outputs with high current drive capability for 
directly driving LEDs 


3 ORDERING INFORMATION 


PACKAGE 
TYPE NUMBER 
| NAME DESCRIPTION VERSION 
PCF8574P; DIP16 plastic dual in-line package; 16 leads (300 mil) SOT38-1 
PCF8574AP 


PCF8574T; SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1 


PCF8574AT 
PCF8574TS SSOP20 SOT266-1 


plastic shrink small outline package; 20 leads; body width 4.4 mm 
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4 BLOCK DIAGRAM 


INTERRUPT 
LOGIC LP FILTER 


PCF8574 


REGISTER 


WRITE pulse 


READ pulse 
POWER-ON 
RESET 


MBD980 


Fig.1 Block diagram (SOT38-1 and SOT162-1). 
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| DESCRIPTION 


| _SSOP20 
[6 _faddressinpwtSSSOSC~—~—~—SCS 
7 faddressinputt ———SSSCSCS~—~—S 
a 
[10 [auastbidirectonal 00 SSOSCS~S~S~S~S 
Faas 
[12 
4 
[45 
[16 


5 PINNING 


[quasi-bidrectional 0 —SSSSOSCS~S~S~S 
[quasi-birectonal V6 SSS 
20 


ae ae 
/ 20 | 
SCL 4 
ae ae 
ee a 


[supply votage——SSSCSC~“~—~“~*~*~*~*~S~S~S 
rotcomected ——SSSCSC~—~“~“~“~*~“~S~S~S~S 
E 


PCF8574A PCF8574TS 


MBD979 


MBD978 


Fig.2 Pin configuration (DIP 16; SO16). Fig.3 Pin configuration (SSOP20). 
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6 CHARACTERISTICS OF THE I?C-BUS 


The |?C-bus is for 2-way, 2-line communication between 
different ICs or modules. The two lines are a serial data 
line (SDA) and a serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up resistor when 
connected to the output stages of a device. Data transfer 
may be initiated only when the bus is not busy. 


6.1 Bit transfer 


One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during the HIGH 
period of the clock pulse as changes in the data line at this 
time will be interpreted as control signals (See Fig.4). 


data line 
stable; 
data valid 


6.2 Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not 
busy. A HIGH-to-LOW transition of the data line, while the 
Clock is HIGH is defined as the start condition (S). 

A LOW-to-HIGH transition of the data line while the clock 
is HIGH is defined as the stop condition (P) (see Fig.5). 


6.3. System configuration 


A device generating a message is a ‘transmitter’, a device 
receiving is the ‘receiver. The device that controls the 
message is the ‘master’ and the devices which are 
controlled by the master are the ‘slaves’ (see Fig.6). 


| | 
| change | 
| of data | 
| allowed | 


MBC621 


Fig.4 Bit transfer. 


START condition 


STOP condition 
MBC622 


Fig.5 Definition of start and stop conditions. 


TRANSMITTER / 
RECEIVER 


SLAVE 
RECEIVER 
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TRANSMITTER / 
RECEIVER 


MASTER 
TRANSMITTER / 
RECEIVER 


MASTER 
TRANSMITTER 


Fig.6 System configuration. 
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6.4 Acknowledge — 


The number of data bytes transferred between the start 
and the stop conditions from transmitter to receiver is not 
limited. Each byte of eight bits is followed by one 
acknowledge bit. The acknowledge bit is a HIGH level put 
on the bus by the transmitter whereas the master 
generates an extra acknowledge related clock pulse. 


A slave receiver which is addressed must generate an 
acknowledge after the reception of each byte. Also a 
master must generate an acknowledge after the reception 
of each byte that has been clocked out of the slave 


DATA OUTPUT 
BY TRANSMITTER | 


DATA OUTPUT 
BY RECEIVER 


| | 


SCL FROM 
MASTER | | 


tial 
START 
CONDITION 


; | 
| | 


transmitter. The device that acknowledges has to pull 
down the SDA line during the acknowledge clock pulse, so 
that the SDA line is stable LOW during the HIGH period of 
the acknowledge related clock pulse, set-up and hold 
times must be taken into account. 


A master receiver must signal an end of data to the 
transmitter by not generating an acknowledge on the last 
byte that has been clocked out of the slave. In this event 
the transmitter must leave the data line HIGH to enable the 
master to generate a stop condition. 


not acknowledge 


acknowledge 


clock pulse for 


MBC602 acknowledgement 


Fig.7 Acknowledgment on the I2C-bus. 
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7 FUNCTIONAL DESCRIPTION 


write pulse 


data from 
shift register 


g PO to P7 


power-on 


reset Vss 


read pulse 


data to 1) > ee 
shift register MBD977 : 


Fig.8 Simplified schematic diagram of each I/O. 


7.1. Addressing 
For addressing see Figs 9, 10 and 11. 


slave address slave address 


}sfo 1.0 0 a2 at Ao of al Psfo 1 4 4 a2 at aol o| al 


MBD973 


(a) PCF8574. 
(b) PCF8574A. 


Fig.9 PCF8574 and PCF8574A slave addresses. 


Each of the PCF8574’s eight I/Os can be independently 
used as an input or output. Input data is transferred from 
the port to the microcontroller by the READ mode 

(see Fig.11). Output data is transmitted to the port by the 
WRITE mode (see Fig.10). 
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cOV 


SCL tLyeLisLi4LisLieLi7Lisly ! | 
| ! | 

slave address (PCF8574) data to port | data to port | 

——— "TT | — ! | —asr_ |"! 

| | | 


SDA Oo 61 0 O A2 At AO O A DATA 1 A DATA 2 


t t if if 


| | 

start condition R/W | acknowledge | acknowledge | acknowledge 
| from slave | from slave | from slave 
| | | 

| al 


WRITE TO | | 
ee ace: ee eee. 


DATA OUT 
FROM PORT 


DATA 1 VALID 


DATA 2 VALID 


| 
| 
| 
| tov >! le tpv >! separa 


Fig.10 WRITE mode (output). 


SNq-Oz| 40} JapuedxXe C/| }IG-g e}oweY 


VLS8A0d 


SJOJONPUODIWAS sdijiud 


UO}edIOeds JONPOId 


ZO Idy /661 


cor 


slave address (PCF8574) data from port data from port 


SDA | s | 0 1 0 0 A2 At AO T/A DATA 1 A DATA 4 i. P| 


t ian | 


| 

start condition R/W | acknowledge | acknowledge | stop 

from slave | from slave | condition 
| 


READ FROM | 
PORT a ret | CR a nee eve ER (Se Oe ev EOE ETS 


| 

| | | 

| 

PORT l 
| | 


INT 


|  MBD975 


A LOW-to-HIGH transition of SDA, while SCL is HIGH is defined as the stop condition (P). Transfer of data can be stopped at any moment by a stop condition. When this occurs, data present 
at the last acknowledge phase is valid (output mode). Input data is lost. 


Fig.11 READ mode (input). 
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7.2 Interrupt (see Figs 12 and 13) 


The PCF8574 provides an open drain output (INT) which 
can be fed to a corresponding input of the microcontroller. 
This gives these chips a type of master function which can 
initiate an action elsewhere in the system. 


An interrupt is generated by any rising or falling edge of the 
port inputs in the input mode. After time tj, the signal INT is 
valid. 


Resetting and reactivating the interrupt circuit is achieved 
when data on the port is changed to the original setting or 
data is read from or written to the port which has generated 
the interrupt. 


Resetting occurs as follows: 


e Inthe READ mode at the acknowledge bit after the rising 
edge of the SCL signal 


e In the WRITE mode at the acknowledge bit after the 
HIGH-to-LOW transition of the SCL signal 


PCF8574 


Vpp 


MICROCOMPUTER 


(1) (2) 
A i 
INT meee Ane 
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e Interrupts which occur during the acknowledge clock 
pulse may be lost (or very short) due to the resetting of 
the interrupt during this pulse. 


Each change of the I/Os after resetting will be detected 
and, after the next rising clock edge, will be transmitted as 
INT. Reading from or writing to another device does not 
affect the interrupt circuit. 


7.3 Quasi-bidirectional I/Os (see Fig. 14) 


A quasi-bidirectional I/O can be used as an input or output 
without the use of a control signal for data direction. 

At power-on the I/Os are HIGH. In this mode only a current 
source to Vpp is active. An additional strong pull-up to Vpp 
allows fast rising edges into heavily loaded outputs. These 
devices turn on when an output is written HIGH, and are 
switched off by the negative edge of SCL. The I/Os should 
be HIGH before being used as inputs. 


PCF8574 PCF8574 


(16) 


MBD976 


Fig.12 Application of multiple PCF8574s with interrupt. 


slave address (PCF8574) 


Se ee 


spa | s | 0 1 O O A2 At AO 


t 


start condition 


DATA INTO 
P5 


aN 


data from port 


ae ac 


! from slave 


: 
W | acknowledge P5 stop 
condition 


| 
| 
| 
| 


ee ge ee eee 


MBD972 


RH ied 


Fig.13 Interrupt generated by a change of input to I/O P5. 
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Oo 
NO 
slave address (PCF8574A) data to port data to port 
PE SS SSS SSS SS Pe ae, a 
F 4 i | : 
start condition R/W_ acknowledge P3 | P3 | 
from slave : , 
| | 
i SCL 1L/eLi3L/4\/5L/6L/7L/s 
oe) | | 
a | | 
P3 | | 
OUTPUT ee ee es 
VOLTAGE , 
P3 a ly 
PULL-UP . =o 
OUTPUT l l 
CURRENT lon | | lon 
| 


MBD971 | 


Fig.14 Transient pull-up current Io, while P3 changes from LOW-to-HIGH and back to LOW. 
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8 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


iss [supplycurent SSS 


total power dissipation | 4 


Be, vaca DC input current 


Vpp 
Vi 
Iss 


[Po power dissipation per output 
storage temperature 
operating ambient temperature 


9 HANDLING 


00 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC 12 under 
“Handling MOS Devices”. 


10 DC CHARACTERISTICS 
Vpp = 2.5 to 6 V; Vsg = 0 V; Tamb = —40 to +85 °C; unless otherwise specified. 


[srwpo. | PaRaweTen | Cowomons | wm. | TYR | WAX. | UNT_ 
[supply volage——=SC*dSCs‘“‘CSC™COWOCC#*dz’ SC*dSSCSCizdSCdS 


supply current operating mode; Vpp = 6 V; 40 100 LA 
no load; V; = Vpp or Vss; 
fsc_ = 100 kHz 
standby current standby mode; Vpp = 6 V; 
no load; V; = Vpp or Vss 
Power-on reset voltage Vpp = 6 V; no load; 
Vi = Vpp or Vss; note 1 


Input SCL; input/output SDA 


input Capacitance V 


=Vss 
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rsrweor | parawerer | _conomions [wm | Tv | wax | UNT 


/Os 


IIHL(max) maximum allowed input 
current through protection 


i 
30 - | 300 \ 


| 
—_ 


HIGH during acknowledge 
(see Fig.14); VoH = Vss} 
Vpp =2.5 V 


fw ouputdatavaid SSS” 
fas [input data setuptime [SS 


Interrupt INT (see Fig.13) 


LOW level output current Vo. = 0.4 V 1. 
: 


< 
72) 


n 


5 
> 


— 
io) 


+ 
<< 
i 


TIMING; Cy < 100 PF 


i ee 


= 
o 


reset delay time 


Select inputs AO to A2 


i 
wn 


1. The Power-on reset circuit resets the I2@C-bus logic with Vpp < Vpor and sets all I/Os to logic 1 (with current source 
to Vpp). 
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11 [2C-BUS TIMING CHARACTERISTICS 


[sewo.[ paramere |W. | WR WAX 


l2C-BUS TIMING (see Fig.15; note 1) 


SCL LOW to data out valid 
STOP condition set-up time 


Note 


1. All the timing values are valid within the operating supply voltage and ambient temperature range and refer to Vi, 
and Viy with an input voltage swing of Vss to Vpp. 


START BIT 7 BIT 6 BITO | ACKNOWLEDGE STOP 
PROTOCOL CONDITION MSB (A6) LSB (A) CONDITION 
(S)*° (A7) (R/W) (P) 


tlow. HIGH 
$$ et «— 1/fgor 


el l- 


' VD;DAT panes 'su;sTo 


Fig.15 |@C-bus timing diagram. 
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FEATURES 


e 


Single-chip LCD controller/driver 


Selectable backplane drive configuration: static or 2/3/4 


backplane multiplexing 


Selectable display bias configuration: static, 1/2 or 1/3 


Internal LCD bias generation with voltage-follower 
buffers 


40 segment drives: up to twenty 8-segment numeric 
characters; up to ten 15-segment alphanumeric 
characters; or any graphics of up to 160 elements 


40 x 4-bit RAM for display data storage 


Auto-incremented display data loading across device 
subaddress boundaries 


Display memory bank switching in static and duplex 
drive modes 


Versatile blinking modes 
LCD and logic supplies may be separated 


Wide power supply range: from 2 V for low-threshold 
LCDs and up to 6 V for guest-host LCDs and 
high-threshold (automobile) twisted nematic LCDs. 


A 9 V version is also available on request. 
Low power consumption 


Power-saving mode for extremely low power 
consumption in battery-operated and telephone 
applications 


l?C-bus interface 
TTL/CMOS compatible 


Compatible with any 4-bit, 8-bit or 16-bit 
microprocessors/microcontrollers 


ORDERING INFORMATION 


PACKAGE 

POFBS76CT 
ee eee 
Poresrecue | — _|chipwithbumpsinway—SSSC~“~*~“‘~*—*~*—‘—“‘~*~—s~é~SCSC SCS 
[pores7ecu? | — _|chipwithbumpsontapeSSC~—“~*~*~—‘—‘—‘“‘—*~*~*~*~s~‘~sCSCSCS*S 
Pores76Cun | FC [chip-oncimframe caer ——SSSSC~=“*‘~*“‘“*S*~*dSCSC*«d 
[Pores76cui2 | FFC [chip with bumps onfimframecarier ——SSSCS=~“~*~*~*~‘idCSC‘“SCSC* 
/PCF8576CH | LOQFP64 | plastic low profile quad flat package; 64 leads; body 10 x 10 x 1.4 mm 
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e May be cascaded for large LCD applications (up to 
2560 segments possible) 


e Cascadable with 24-segment LCD driver PCF8566 


¢ Optimized pinning for plane wiring in both and multiple 
PCF8576C applications 


e Space-saving 56-lead plastic very small outline package 
(VSO56) or 64-lead low profile quad flat package 
(LQFP64) 


e No external components 
e Compatible with chip-on-glass technology 
e Manufactured in silicon gate CMOS process. 


GENERAL DESCRIPTION 


The PCF8576C is a peripheral device which interfaces to 
almost any Liquid Crystal Display (LCD) with low multiplex 
rates. It generates the drive signals for any static or 
multiplexed LCD containing up to four backplanes and up 
to 40 segments and can easily be cascaded for larger LCD 
applications. The PCF8576C is compatible with most 
microprocessors/microcontrollers and communicates via a 
two-line bidirectional I?@C-bus. Communication overheads 
are minimized by a display RAM with auto-incremented 
addressing, by hardware subaddressing and by display 
memory switching (static and duplex drive modes). 
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CLK 
SYNC 
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SCL 
SDA 


LCD 
f VOLTAGE 
T B SELECTOR 


LCD BIAS 
GENERATOR 


BPO BP2 BP1 BP3 


BACKPLANE 
OUTPUTS | 2 


PCF8576C 


DISPLAY 


CONTROLLER 


COMMAND 
DECODER 


Bee ees Nb eae ee ee 
1 FILTERS CONTROLLER 


10. 


SAO 


Fig.1 Block diagram; VSO56. 
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PINNING 


SYMBOL 


SDA 
SCL 
SYNC 

Nop sy woe 

SAO 

Vss 

n.c. 


foseilatorinput 
Es 
aaa ne 
12 


SO to S39 17 to 56 
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SDA U 156 | S39 


SCL | 2 | 155| S38 
SYNC S37 
CLK | 4| S36 
Vpp | 5 | - [52 S35 
OSC | 6] $34 
AO 150| $33 
A1| 8 | $32 
A2| 9 | S31 
SAO | 10) $30 
Vss [11] | '46| S29 
VLCD '45| S28 
BPO $27 
BP2 S26 
Ss PCF8576CT 1 eos 
BP3 $24 
SO $23 
S1 [18] $22 
$2 $21 
S3 $20 
$4 21] S19 
S5 S18 
S6 S17 
S7 |24| S16 
$8 [25 | S15 
S9 | 26] S14 
S10 S13 
S11 $12 


Fig.2 Pin configuration; VSO56. 
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nc. [1 
S34 
S35 
S36 
S37 
S38 | 6 | 
S39 
nc. | 8 | 
nc. | 9 | 
SDA 
SCL 

SYNC 
CLK 
VpD 
Osc 
AO 


PCF8576CH 


an MLD333 


Fig.3 Pin configuration; LQFP64. 
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FUNCTIONAL DESCRIPTION 


The PCF8576C is a versatile peripheral device designed 
to interface to any microprocessor/microcontroller to a 
wide variety of LCDs. It can directly drive any static or 
multiplexed LCD containing up to four backplanes and up 


to 40 segments. The display configurations possible with . 


the PCF8576C depend on the number of active backplane 
outputs required; a selection of display configurations is 
given in Table 1. 


All of the display configurations given in Table 1 can be 
implemented in the typical system shown in Fig.4. 


Table 1 Selection of display configurations 


ee 


PROCESSOR/ 
MICRO- 
CONTROLLER 


14-SEGMENTS | | 
NUMBER OF 7-SEGMENTS NUMERIC ALPHANUMERIC 
| INDICATOR INDICATOR Ron mean 
BACKPLANES | SEGMENTS DIGITS SymBoLs | CHARACTERS) cvupois 


fe 
: 


PCF8576CT 


6 
7 8 9 1 


The host microprocessor/microcontroller maintains the — 
2-line I2C-bus communication channel with the 
PCF8576C. The internal oscillator is selected by tying 
OSC (pin 6) to Vgs (pin 11). The appropriate biasing 
voltages for the multiplexed LCD waveforms are 
generated internally. The only other connections required 
to complete the system are to the power supplies (Vpp, 
Vss and Vicp) and the LCD panel chosen for the 
application. 


Pa | 120 dts (8% 40) 


17 to 56 LCD PANEL 


(up to 160 
elements) 


13 to 16| 4 backpianes —_ > 


QO 11 
MBE524 


Fig.4 Typical system configuration. 
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Power-on reset 


At power-on the PCF8576C resets to a starting condition 
as follows: 


1. All backplane outputs are set to Vpp. 
All segment outputs are set to Vpp. 


Blinking is switched off. 


ola OSS 


Input and output bank selectors are reset (as defined 
in Table 5). 


The |I#C-bus interface is initialized. 


ah: 


The data pointer and the subaddress counter are 
cleared. 


Data transfers on the I?C-bus should be avoided for 1 ms 


following power-on to allow completion of the reset action. 


LCD bias generator 


The full-scale LCD voltage (Vop) is obtained from 

Vpp — Vicp- The LCD voltage may be temperature 
compensated externally through the Vi cp supply to pin 12. 
Fractional LCD biasing voltages are obtained from an 
internal voltage divider of the three series resistors 
connected between Vpp and Vi cp. The centre resistor can 
be switched out of the circuit to provide a bias voltage 
level for the 1 : 2 multiplex configuration. 


The drive mode ‘1 : 4 multiplex with /sbias’ is selected. 


LCD voltage selector 


The LCD voltage selector co-ordinates the multiplexing of 
the LCD in accordance with the selected LCD drive 
configuraticn. The operation of the voltage selector is 
controlled by MODE SET commands from the command 
decoder. The biasing configurations that apply to the 
preferred modes of operation, together with the biasing 
characteristics as functions of Vop = Vpp — Vicp and the 
resulting discrimination ratios (D), are given in Table 2. 


A practical value for Vo, is determined by equating Vofirms) 
with a defined LCD threshold voltage (Vin), typically when 
the LCD exhibits approximately 10% contrast. In the static 
drive mode a suitable choice is Vop > 3Vtn approximately. 


Multiplex drive ratios of 1: 3 and 1: 4 with “bias are 
possible but the discrimination and hence the contrast 


ratios are smaller (./3 = 1.732 for 1 : 3 multiplex or 


21 = 1.528 for 1 : 4 multiplex). 


The advantage of these modes is a reduction of the LCD 
full-scale voltage Vop as follows: 


e 1:3 multiplex (bias): 
Vop = V6 x Vos (rms) = 2-449 Vottirms) 


e 1:4 multiplex (bias): 


Vop = 4x6) = 2.309 Vottrms) 


These compare with Vop = 3 Vottirmsy when Ysbias is used. 


Table 2 Preferred LCD drive modes: summary of characteristics 


NUMBER OF 


LCD DRIVE MODE 
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D = on(rms) 


LCD BIAS 


off(rms) 


ee a ae 
Tossa [os77 [1.799 


Voff(rms) V on(rms) 
Vop Vop 
1 
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LCD drive mode waveforms 
STATIC DRIVE MODE 


The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and segment drive 
waveforms for this mode are shown in Fig.5. | 


BPO 
Sh 
Shit 
(a) waveforms at driver 
Vop —— 
state 1 Of Sas 
-Vop ee 
Vop — 
state 2 Oi 
—Vop Le niens 


(b) resultant waveforms 
at LCD segment MBE539 
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Fig.5 Static drive mode waveforms (Vop = Vpp — Vicp).- 
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1 : 2 MULTIPLEX DRIVE MODE 


When two backplanes are provided in the LCD, the 1 : 2 multiplex mode applies. The PCF8576C allows use of bias or 
VYabias in this mode as shown in Figs 6 and 7. 
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Fig.6 Waveforms for the 1 : 2 multiplex drive mode with Vobias (Vop = Vpop — Vicp)- 
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Fig.7 Waveforms for the 1 : 2 multiplex drive mode with /bias (Vop = Vpp — Vic). 
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1 : 3 MULTIPLEX DRIVE MODE 


When three backplanes are provided in the LCD, the 1 : 3 multiplex drive mode applies, as shown in Fig.8. 
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Fig.8 Waveforms for the 1 : 3 multiplex drive mode (Vop = Vpp — Vicp). 
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1 : 4 MULTIPLEX DRIVE MODE 


When four backplanes are provided in the LCD, the 1 : 4 multiplex drive mode applies, as shown in Fig.9. 
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Fig.9 Waveforms for the 1 : 4 multiplex drive mode (Vop = Vpp — Vicp).- 


1997 Feb 03 420 


Philips Semiconductors 


Product specification 


Universal LCD driver for low multiplex rates 


PCF8576C 


Oscillator 
INTERNAL CLOCK 


The internal logic and the LCD drive signals of the 
PCF8576C are timed either by the built-in oscillator or from 
an external clock. When the internal oscillator is used, 
OSC (pin 6) should be connected to Vgs (pin 11). In this 
event, the output from CLK (pin 4) provides the clock 
signal for cascaded PCF8566s or PCF8576Cs in the 
system. 


Note that the PCF8576C is backwards compatible with the 
PCF8576. Where resistor Rogc¢ to Vsg is present, the 
internal oscillator is selected. 


EXTERNAL CLOCK 


The condition for external clock is made by tying OSC 
(pin 6) to Vpp; CLK (pin 4) then becomes the external 
clock input. 


The clock frequency (f,,) determines the LCD frame 
frequency and the maximum rate for data reception from 
the I?C-bus. To allow I2C-bus transmissions at their 
maximum data rate of 100 kHz, fy, should be chosen to be 
above 125 kHz. 


A clock signal must always be supplied to the device; 
removing the clock may freeze the LCD in a DC state. 


Timing 

The timing of the PCF8576C organizes the internal data 
flow of the device. This includes the transfer of display data 
from the display RAM to the display segment outputs. In 
cascaded applications, the synchronization signal SYNC 
maintains the correct timing relationship between the 
PCF8576Cs in the system. The timing also generates the 
LCD frame frequency which it derives as an integer 
multiple of the clock frequency (see Table 3). The frame 
frequency is set by the MODE SET commands when 
internal clock is used, or by the frequency applied to pin 4 
when external clock is used. 


The ratio between the clock frequency and the LCD frame 
frequency depends on the mode in which the device is 
operating. In the power-saving mode the reduction ratio is 
six times smaller; this allows the clock frequency to be 
reduced by a factor of six. The reduced clock frequency 
results in a significant reduction in power dissipation. 
The lower clock frequency has the disadvantage of 
increasing the response time when large amounts of 
display data are transmitted on the |@C-bus. 
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When a device is unable to digest a display data byte 
before the next one arrives, it holds the SCL line LOW until 
the first display data byte is stored. This slows down the 
transmission rate of the I@C-bus but no data loss occurs. 


Display latch 


The display latch holds the display data while the 
corresponding multiplex signals are generated. There is a 
one-to-one relationship between the data in the display 
latch, the LCD segment outputs and one column of the 
display RAM. 


Shift register 


The shift register serves to transfer display information 
from the display RAM to the display latch while previous 
data is displayed. 


Segment outputs 


The LCD drive section includes 40 segment outputs 

SO to S39 (pins 17 to 56) which should be connected 
directly to the LCD. The segment output signals are 
generated in accordance with the multiplexed backplane 
signals and with data resident in the display latch. When 
less than 40 segment outputs are required the unused 
segment outputs should be left open-circuit. 


Backplane outputs 


The LCD drive section includes four backplane outputs 
BPO to BP3 which should be connected directly to the 
LCD. The backplane output signals are generated in 
accordance with the selected LCD drive mode. If less than 
four backplane outputs are required the unused outputs 
can be left open-circuit. In the 1 : 3 multiplex drive mode 
BP3 carries the same signal as BP1, therefore these two 
adjacent outputs can be tied together to give enhanced 
drive capabilities. In the 1 : 2 multiplex drive mode BPO 
and BP2, BP1 and BPS respectively carry the same 
signals and may also be paired to increase the drive 
capabilities. In the static drive mode the same signal is 
carried by all four backplane outputs and they can be 
connected in parallel for very high drive requirements. 
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Display RAM. | 


The display RAM is a static 40 x 4-bit RAM which stores 
LCD data. A logic 1 in the RAM bit-map indicates the on 
state of the corresponding LCD segment; similarly, a 
logic 0 indicates the off state. There is a one-to-one 
correspondence between the RAM addresses and the 
segment outputs, and between the individual bits of a RAM 
word and the backplane outputs. The first RAM column 
corresponds to the 40 segments operated with respect to 
backplane BPO (see Fig.10). In multiplexed LCD 
applications the segment data of the second, third and 
fourth column of the display RAM are time-multiplexed 
with BP1, BP2 and BP3 respectively. 


When display data is transmitted to the PCF8576C the 
display bytes received are stored in the display RAM in 
accordance with the selected LCD drive mode. 

To illustrate the filling order, an example of a 7-segment 
numeric display showing all drive modes is given in Fig.11; 
the RAM filling organization depicted applies equally to 
other LCD types. | 


With reference to Fig.11, in the static drive mode the eight 
transmitted data bits are placed in bit 0 of eight successive 
display RAM addresses. 


In the 1 : 2 multiplex drive mode the eight transmitted data 
bits are placed in bits 0 and 1 of four successive display 
RAM addresses. In the 1 : 3 multiplex drive mode these 
bits are placed in bits 0, 1 and 2 of three successive 
addresses, with bit 2 of the third address left unchanged. 
This last bit may, if necessary, be controlled by an 
additional transfer to this address but care should be taken 
to avoid overriding adjacent data because full bytes are 
always transmitted. In the 1 : 4 multiplex drive mode the 
eight transmitted data bits are placed in bits 0, 1, 2 and3 
of two successive display RAM addresses. 


Table 3 LCD frame frequencies 


NOMINAL 
FRAME 
FREQUENCY | FREQUENCY 
(Hz) 


PCF8576C MODE 


display RAM addresses (rows) / segment outputs (S) 


display RAM bits 
(columns) / 
backplane outputs 


(BP) 


35 36 37 38 39 


Fig.10 Display RAM bit-map showing direct relationship between display RAM addresses 
and segment outputs, and between bits in a RAM word and backplane outputs. . 
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Data pointer 


The addressing mechanism for the display RAM is 
realized using the data pointer. This allows the loading of 
an individual display data byte, or a series of display data 
bytes, into any location of the display RAM. The sequence 
commences with the initialization of the data pointer by the 
LOAD DATA POINTER command. Following this, an 
arriving data byte is stored starting at the display RAM 
address indicated by the data pointer thereby observing 
the filling order shown in Fig.11. The data pointer is 
automatically incremented in accordance with the chosen 
LCD configuration. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight 
(static drive mode), by four (1 : 2 multiplex drive mode) or 
by two (1 : 2 multiplex drive mode). 


Subaddress counter 


The storage of display data is conditioned by the contents 
of the subaddress counter. Storage is allowed to take 
place only when the contents of the subaddress counter 
agree with the hardware subaddress applied to 

AO, A1 and A2. The subaddress counter value is defined 
by the DEVICE SELECT command. If the contents of the 
subaddress counter and the hardware subaddress do not 
agree then data storage is inhibited but the data pointer is 
incremented as if data storage had taken place. 

The subaddress counter is also incremented when the 
data pointer overflows. 


The storage arrangements described lead to extremely 
efficient data loading in cascaded applications. When a 
series of display bytes are sent to the display RAM, 
automatic wrap-over to the next PCF8576C occurs when 
the last RAM address is exceeded. Subaddressing across 
device boundaries is successful even if the change to the 
next device in the cascade occurs within a transmitted 
character (such as during the 14th display data byte 
transmitted in 1 : 3 multiplex mode). 
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Output bank selector 


This selects one of the four bits per display RAM address 
for transfer to the display latch. The actual bit chosen 
depends on the particular LCD drive mode in operation 
and on the instant in the multiplex sequence. 

In 1: 4 multiplex, all RAM addresses of bit 0 are the first to 
be selected, these are followed by the contents of 

bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, 

bits 0, 1 and 2 are selected sequentially. In 1 : 2 multiplex, 
bits 0 and 1 are selected and, in the static mode, bit 0 is 
selected. 


The PCF8576C includes a RAM bank switching feature in 
the static and 1 : 2 multiplex drive modes. In the static 
drive mode, the BANK SELECT command may request 
the contents of bit 2 to be selected for display instead of 
bit 0 contents. In the 1 : 2 drive mode, the contents of 
bits 2 and 3 may be selected instead of bits O and 1. This 
gives the provision for preparing display information in an 


alternative bank and to be able to switch to it once it is 


assembled. 


Input bank selector 


The input bank selector loads display data into the display 
RAM in accordance with the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static 
drive mode or in bits 2 and 3 in 1 : 2 drive mode by using 
the BANK SELECT command. The input bank selector 
functions independent of the output bank selector. 
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Blinker 


The display blinking capabilities of the PCF8576C are very 
versatile. The whole display can be blinked at frequencies 
selected by the BLINK command. The blinking frequencies 
are integer multiples of the clock frequency; the ratios 
between the clock and blinking frequencies depend on the 
mode in which the device is operating, as shown in — 
Table 4. 


An additional feature is for an arbitrary selection of LCD 
segments to be blinked. This applies to the static and 

1 : 2 LCD drive modes and can be implemented without 
any communication overheads. 


Table 4 Blinking frequencies 
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NORMAL OPERATING | POWER-SAVING MODE | NOMINAL BLINKING 
BLINKING MODE MODE RATIO RATIO FREQUENCY 


a_i aanne ACNE ARAN! PRA ieee Aa 
folk 


21 
1 Hz Fok 
1843 
| a f, 
368640 


By means of the output bank selector, the displayed RAM 
banks are exchanged with alternate RAM banks at the 
blinking frequency. This mode can also be specified by the 
BLINK command. 


In the 1:3 and 1: 4 multiplex modes, where no alternate 
RAM bank is available, groups of LCD segments can be 
blinked by selectively changing the display RAM data at 
fixed time intervals. 


If the entire display is to be blinked at a frequency other 
than the nominal blinking frequency, this can be effectively 
performed by resetting and setting the display enable bit E 
at the required rate using the MODE SET command. 


2 Hz 


15360 
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Fig.11 Relationships between LCD layout, drive mode, display RAM filling order and display data transmitted over the I2@C-bus. 
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CHARACTERISTICS OF THE I2C-BUS 


The |?C-bus is for bidirectional, two-line communication 
between different ICs or modules. The two lines are a 
serial data line (SDA) and a serial clock line (SCL). Both 
lines must be connected to a positive supply via a pull-up 
resistor when connected to the output stages of a device. 
Data transfer may be initiated only when the bus is not 
busy. 


Bit transfer (see Fig.12) 


One data bit is transferred during each clock pulse. 

The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
at this time will be interpreted as a control signal. 


Start and stop conditions (see Fig.13) 


Both data and clock lines remain HIGH when the bus is not 
busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH is defined as the START condition (S). 

A LOW-to-HIGH transition of the data line while the clock 
is HIGH is defined as the STOP condition (P). 


System configuration (see Fig. 14) 


A device generating a message is a ‘transmitter’, a device 
receiving a message is the ‘receiver’. The device that 
controls the message is the ‘master and the devices which 
are controlled by the master are the ‘slaves’. 


Acknowledge (see Fig.15) 


The number of data bytes transferred between the START 
and STOP conditions from transmitter to receiver is 
unlimited. Each byte of eight bits is followed by an 
acknowledge bit. The acknowledge bit is a HIGH level 
signal put on the bus by the transmitter during which time 
the master generates an extra acknowledge related clock 
pulse. A slave receiver which is addressed must generate 
an acknowledge after the reception of each byte. Also a 
master receiver must generate an acknowledge after the 
reception of each byte that has been clocked out of the 
slave transmitter. The device that acknowledges must 
pull-down the SDA line during the acknowledge clock 
pulse, so that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse (set-up and 
hold times must be taken into consideration). A master 
receiver must signal an end of data to the transmitter by 
not generating an acknowledge on the last byte that has 
been clocked out of the slave. In this event the transmitter 
must leave the data line HIGH to enable the master to 
generate a STOP condition. 
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PCF8576C I2C-bus controller 


The PCF8576C acts as an I?C-bus slave receiver. It does 
not initiate I2@C-bus transfers or transmit data to an I2C-bus 
master receiver. The only data output from the PCF8576C 
are the acknowledge signals of the selected devices. 
Device selection depends on the I2C-bus slave address, 
on the transferred command data and on the navaware 
subaddress. 


In single device application, the hardware subaddress 
inputs AO, Ai and A2 are normally tied to Vsg which 
defines the hardware subaddress 0. In multiple device 
applications AO, A1 and A2 are tied to Vss or Vpp in 
accordance with a binary coding scheme such that no two 
devices with a common I#C-bus slave address have the 
same hardware subaddress. 


In the power-saving mode it is possible that the PCF8576C 
is not able to keep up with the highest transmission rates 
when large amounts of display data are transmitted. If this 
situation occurs, the PCF8576C forces the SCL line LOW 
until its internal operations are completed. This is known 
as the ‘clock synchronization feature’ of the I2C-bus and 
serves to slow down fast transmitters. Vala loss does not 
occur. 


Input filters 


To enhance noise immunity in electrically adverse 
environments, RC low-pass filters are provided on the 
SDA and SCL lines. 


I2C-bus protocol 


Two I2C-bus slave addresses (0111000 and 0111001) are 
reserved for the PCF8576C. The least significant bit of the 
slave address that a PCF8576C will respond to is defined 
by the level tied at its input SAO (pin 10). Therefore, two 


_ types of PCF8576C can be distinguished on the same 


I2C-bus which allows: 


1. Up to 16 PCF8576Cs on the same I2C-bus for very 
_ large LCD applications. 


2. The use of two types of LCD. ee on the same 
l2C-bus. 


The I?C-bus protocol is shown in Fig.16. The sequence is 
initiated with a START condition (S) from the I2C-bus 
master which is followed by one of the two PCF8675C 
slave addresses available. All PCF8576Cs with the 
corresponding SAO level acknowledge in parallel with the 
slave address but all PCF8576Cs with the alternative SAO 
level ignore the whole I?C-bus transfer. 
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After acknowledgement, one or more command bytes (m) 
follow which define the status of the addressed 
PCF8576Cs. 


The last command byte is tagged with a cleared most 
significant bit, the continuation bit C. The command bytes 
are also acknowledged by all addressed PCF8576Cs on 
the bus. 


After the last command byte, a series of display data bytes 
(n) may follow. These display bytes are stored in the 
display RAM at the address specified by the data pointer 
and the subaddress counter. Both data pointer and 
subaddress counter are automatically updated and the 
data is directed to the intended PCF8576C device. 

The acknowledgement after each byte is made only by the 
(AO, A1 and A2) addressed PCF8576C. After the last 
display byte, the I@C-bus master issues a STOP 
condition (P). 


Command decoder 


The command decoder identifies command bytes that 
arrive on the |?C-bus. All available commands carry a 
continuation bit C in their most significant bit position 
(Fig.17). When this bit is set, it indicates that the next byte 
of the transfer to arrive will also represent a command. 

If this bit is reset, it indicates the last command byte of the 
transfer. Further bytes will be regarded as display data. 


The five commands available to the PCF8576C are 
defined in Table 5. 


en Ae: «el 
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stable; 
data valid 
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| change | 
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Fig.12 Bit transfer. 
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Fig.13 Definition of START and STOP conditions. 
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Fig.14 System configuration. 
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Fig.15 Acknowledgement on the I@C-bus. 
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acknowledge by acknowledge 
all addressed by AO, A1 and A2 


selected 
PCF8576Cs PCF8576C only 


slave address 


S 
0 
) 


n= 1 byte(s n => 0 byte(s) 
update data pointers 
and if necessary, 
MBE538 subaddress counter 


Fig.16 |?C-bus protocol. 


REST OF OPCODE 
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C = 0; last command. 
C = 1; commands continue. 


Fig.17 General format of command byte. 
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Table 5 Definition of PCF8576C commands 


A  BFi BFO 


Table 7 | Defines LCD bias configuration. 
LOAD DATA 
are transferred to the data pointer to 
addresses. 
Table 11 
subaddresses. 
Table 13 | Defines output bank selection (retrieval of 
modes. 
BLINK 
or blinking by alternation of display RAM 
LCD DRIVE MODE BITS DISPLAY STATUS BITE 
f heee 
1:3 MUX (8 BP) 
:4 


| COMMAND OPCODE OPTIONS DESCRIPTION . 
MODE SET | C Table 6 | Defines LCD drive mode. 
Table 8 | Defines display status. The possibility to 
| disable the display allows implementation 
| of blinking under external control. 
Table 9 | Defines power dissipation mode. 
Table 10 | Six bits of immediate data, bits P5 to PO, 
POINTER 
) define one of forty display RAM 
DEVICE Three bits of immediate data, bits AO to 
SELECT A3, are transferred to the subaddress 
counter to define one of eight hardware 
BANK Table 12 | Defines input bank selection (storage of 
SELECT arriving display data). 
LCD display data). 
The BANK SELECT command has no 
effect in 1: 3 and 1 : 4 multiplex drive 

Table 14 | Defines the blinking frequency. 

Table 15 | Selects the blinking mode; normal 
operation with frequency set by BF1, BFO 
banks. Alternation blinking does not apply 
in 1:3 and 1:4 multiplex drive modes. 

Table 6 Mode set option 1 Table 8 Mode set option 3 
DRIVE | Disabled (blank) a ieee 
BACKPLANE 
staic [rep CTC 
12 |wuxee) | + fo 
1:3 
Mux(4BP) | oo | 
Table 7 Mode set option 2 
LCD BIAS 


: 


: 
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Table 10 Load data pointer option 1 


[ebitbinary value of 010 39 [PS[P4]Pa]P2] Pi [PO 


Table 11 Device select option 1 


DESCRIPTION BITS 


RAM bit 0 RAM bits 0 and 1 
RAM bit 2 RAM bits 2 and 3 1 


Table 13 Bank select option 2 


RAM bit 0 RAM bits 0 and 1 
RAM bit 2 RAM bits 2 and 3 1 


Display controller 


The display controller executes the commands identified 
by the command decoder. It contains the status registers 
of the PCF8576C and co-ordinates their effects. 

The controller is also responsible for loading display data 
into the display RAM as required by the filling order. 


Cascaded operation 


In large display configurations, up to 16 PCF8576Cs can 
be distinguished on the same |2C-bus by using the 3-bit 
hardware subaddress (AO, A1 and A2) and the 
programmable |2C-bus slave address (SAQO). When 
cascaded PCF8576Cs are synchronized so that they can 
share the backplane signals from one of the devices in the 
cascade. Such an arrangement is cost-effective in large 
LCD applications since the backplane outputs of only one 
device need to be through-plated to the backplane 
electrodes of the display. The other PCF8576Cs of the 
cascade contribute additional segment outputs but their 
backplane outputs are left open-circuit (Fig.18). 
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Table 14 Blink option 1 


Table 15 Blink option 2 


BLINK MODE BITA 
Normal blinking are: arr 
Alternation blinking 


The SYNC line is provided to maintain the correct 
synchronization between all cascaded PCF8576Cs. This 
synchronization is guaranteed after the power-on reset. 
The only time that SYNC is likely to be needed is if 
synchronization is accidentally lost (e.g. by noise in 
adverse electrical environments; or by the definition of a 
multiplex mode when PCF8576Cs with differing SAO 
levels are cascaded). SYNC is organized as an 
input/output pin; the output selection being realized as an 
open-drain driver with an internal pull-up resistor. 

A PCF8576C asserts the SYNC line at the onset of its last 
active backplane signal and monitors the SYNC line at all 
other times. Should synchronization in the cascade be 
lost, it will be restored by the first PCF8675C to assert 
SYNC. The timing relationship between the backplane 
waveforms and the SYNC signal for the various drive 
modes of the PCF8576C are shown in Fig.19. 


For single plane wiring of packaged PCF8576Cs and 
chip-on-glass cascading, see Chapter “Application 
information’. 
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LCD PANEL 
PCF8576CT 


13,15, (up to 2560 
14,16 elements) 


HOST 40 segment drives 
MICRO- 


PROCESSOR/ PCF8576CT 
MICRO- 13.15 
CONTROLLER a 
| ) BPO to BP3 
MBE533 
7 8 9 10 #11 
Pe Pele 


Fig.18 Cascaded PCF8576C configuration. 
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{ 


Tirame = fframe 


(a) static drive mode. 


BP1 
(1/2 bias) 


BP1 
(1/3 bias) 


SYNC | | | | 


(b) 1: 2 multiplex drive mode. 


ee 


(c) 1 : 3 multiplex drive mode. 


ee ee 


MBE535 
(d) 1: 4 multiplex drive mode. 


Excessive capacitive coupling between SCL or CLK and SYNC may cause erroneous synchronization. If this proves to be a problem, the capacitance of 
the SYNC line should be increased (e.g. by an external capacitor between SYNC and Vpp). Degradation of the positive edge of the SYNC pulse may be 
countered by an external pull-up resistor. 


(a) static drive mode. 

(b) 1: 2 multiplex drive mode. 
(c) 1: 3 multiplex drive mode. 
(d) 1 : 4 multiplex drive mode. 


Fig.19 Synchronization of the cascade for the various PCF8576C drive modes. 
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LIMITING VALUES 
_In accordance with the Absolute Maximum Rating System (IEC 134). 


ma 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices (see “Handling MOS Devices”). 
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DC CHARACTERISTICS 
Vpp = 2 to 6 V; Vss = 0 V; Vicp = Vpp — 2 V to Vpp — 6 V; Tamp = —40 to +85 °C; unless otherwise specified. 


fswweo.| —__Parawerer | _conomions | wm [tv] wax | uniT 


supply voltage 
LCD supply voltage note 1 


supply current note 2 
normal mode folk = 200 kHz 
power-saving mode fo = 35 kHz; 
Vpp =3.5V; Vicp =0V; 
AO, A1 and A2 tied to Vss 


< 
Ss) 
lo) 
oO 
< 
ls) 
~) 
| 
di 
re 


oOo — 
oO Nf 

oo) 
a 
> > 


Pea! 
Z 
Logic 
Vi [LOWlevelinputvottage | SSSS~S~dN gs ~—S«d «dz 
Vin__[HiGH level input votage | SSSS~diOPV> | «(Vo 
Vor [LOWlevetinputvottage ————sflu=OmA «|S -S«dOBCSd 
[Von |HIGHevelinput vottage_——_—ilo=0mA———*(Vop-0.05|-[- iV 
flour [LOW level output current OLK, SYNC |Vor=1ViVoo=5V [1 _‘[-_|-_|ma_| 
flow [HIGH level output current CLK _—_|Vou=4V;Voo=5V [1 _|-__|-_|mA_| 
[owe [LOW level output current SDA, SCL_[Vo.=04VVoo=5V [8 |-__|-__—‘[ma_| 
fh |sSaeaser OME [eNotes PE 
SDA and SCL 
fiz [leakage currentOSC_———[Vi=Von Siti Sd 
fe [eoren eee rasom  [etMverey ee ee 
current 
[Fem _[pulupresistorSync) |S SSSCSCSC~dSSC«*dSO «dB CSR 
[Veon [power-on reset vottagetevel [notes Sif SS«dO «CV 


3 


f 
hm] 
on re) 
Sie 
<|< 


eS 


output resistance BPO to BP3 note 5; Vicp = Vpp -5 V 
output resistance SO to S39 note 5; Vicp = Vpp -5 V 


N} Ol 
ol 


eS 


Notes 

1. Vicp < Vpp — 3 V for Ysbias. 

LCD outputs are open-circuit; inputs at Vss or Vpp; external clock with 50% duty factor; I@C-bus inactive. 
Resets all logic when Vpp < Vpor. 

Periodically sampled, not 100% tested. 


Ol: ee eS 


Outputs measured one at a time. 
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AC CHARACTERISTICS : : 
Vpp = 2 to 6 V; Vsg = 0 V; Vicp = Vpp — 2 V to Vpp — 6 V; Tamb = —40 to + 85 °C; unless otherwise specified. 


SYMBOL : | PARAMETER Eyre CONDITIONS | YP. 


oscillator frequency 
normal mode 
power-saving mode 


touky © | CLK HIGH time 

tolkL CLK LOW time 

tpsync SYNC propagation delay time 
tSYNCL SYNC LOW time 


tpLcp driver delays with test loads Vicp = Vpp-5 V 


i 


| folk 


Vpp = 5 V; note 1 125 200 315 


Vpp = 3.5 V 


OO 
par 
BSS 
©O 


400 


| et 
“a 
-) 
nM nm |” 


Timing characteristics: I?C-bus; note 2 


[oom [data hoistime 


set-up time for STOP condition 


Notes 


oO; — 
ioe) 


oO 


i iS Pee |e |e 
pk ONIN] O|N 


n TILA INDI NI NI DI DIM 


wl 


1. Atfo. < 125 kHz, l?C-bus maximum transmission speed is derated. 


2. All timing values are valid within the operating supply voltage and ambient temperature range and are referenced to 
Vit and Viyq with an input voltage swing of Vss to Vpp. 


=. 680 
SYNC —-+_—}— Vpp 
(2%) 


3.3 kKQ 
(2%) 


BPO to BP3, and = 1 NF 
SO to $39 —lE Yop 


MBE544 


Fig.20 Test loads. 
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+'psyncr+ >t psync 


<«—tsvyncc— 


__ 0.5V 
i (Vpp = 5 V) 
0.5V 


| 


MBE545 


BPO to BPS, 
and SO to S39 


Fig.21 Driver timing waveforms. 


tBuF tlow of 
SCL 
je —r 
HD;STA tr 'HD:DAT tHIiGH 'SU;DAT 
SDA 
t : <7 
SU:STA 
MGA728 t SU:STO 


Fig.22 |?C-bus timing waveforms. 
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MBE530 MBE529 


_. eee 
0 


Frame (42) 


Vpp = 5 V; Vicp = 0 V; Tamb = 25 °C. Vpp = 5 V; Vicp = 0 V; Tamb = 25 °C. 


Fig.23 —lsg as a function Of fframe- Fig.24 —licp as a function of frrame- 


MBE527 - 1 


Iss 


| a 
40 normal mode 


power-saving mode 
clk = 35 kHz 


Vicp = 0 V; external clock; Tamp = 25 °C. Vicp = 0 V; external clock; fo, = nominal frequency. 


Fig.25 Iss as a function of Vpp.: | Fig.26 l_cp as a function of Vpp. 
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Typical characteristics of LC D outputs 


AEH 
Si SEEL REESE 


iyi TT yy. 
TAT TT TT Ty 


°o wo ° | 
- ro) 


— 


TTT ITT TT Ty 
TTT AL TT TT 
WEL Lf ee 


TT feet PT 
PU ZETA le I 
Ze a 
meat | ET 
000 


5 V; Vicp =0 V. 


Vpp = 


=0V; Tamb = 25 °C. 


Vicp 


Fig.28 Romax) aS a function of Tamb. 


Fig.27 Roymax) aS a function of Vpp. 
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SDA 
SCL 
SYNC 
CLK 
Vpp 
Vgs 
Vicp 
SDA s79 — 
ScL |2| $78 — 
SYNC [3 | S77 — 
CLK S76 — 
Ypp LS. s2}- s75 — 
osc—j 6 | $74 — 
AO 150 |-—- S73 — 
Ai 8] $72 — 
A2—{ 9 | 148 -— S71 — 
SAO — 10] $70 — 
Vgg 46 }-- S69 — 
Viep ee 
BPO S67 — 
BP2 S66 — 
BP1 Bs76CT [42 }— S25 BP1 8 76CT . S65 — 
BP3— 16] $24 BP3 | 16] S64 — 
so 40} $23 — $40 40 }— S63 — 
st $22 — — $41 139 }— S62 — 
$2 $21 — — $42 138 }-— S61 — 
$3 —420| — s43—{20] 
S17 — $57 — 
$7 —{24| S16 — — s47—424| $56 — 
$8 —{25| $15 — — S48—{ 25] 132} — S55 — 
Sg 31 }— $14 — — s49—/26| $54 — 
$10—} 27| $13 S50—4 27| 130 +-— S53 
$1i—{28| $12 $51—{28] 129} S52 
SO__.- S10 BR a $13____ $39 $40 __ __ $50 Se a $53 _ __. $79 
backplanes segments MBE537 


Fig.29 Single plane wiring of packaged PCF8576CTs. 
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Chip-on-glass cascadability in single plane The only bussed line that does not require a second 
opening to lead through to the next PCF8576C is Vicp, 
being the cascade centre. The placing of Vicp adjacent to 
Vss allows the two supplies to be tied together. 


In chip-on-glass technology, where driver devices are 
bonded directly onto glass of the LCD, it is important that 
the devices may be cascaded without the crossing of | 
conductors, but the paths of conductors can be continued = Whenan external clocking source is to be used, OSC of all 
on the glass under the chip. All of this is facilitated by the | devices should be tied to Vpp. The pads OSC, Ad, A1, A2 
PCF8576C bonding pad layout (Fig.30). Pads needingbus and SAO have been placed between Vgs and Vpp to 
interconnection between all PCF8576Cs of the cascade facilitate wiring of oscillator, hardware subaddress and 
are Vpp, Vss, Vicp, CLK, SCL, SDA and SYNC. These slave address. 

lines may be led to the corresponding pads of the next 

PCF8576C through the wide opening between Vicp pad 

and the backplane output pads. 


BONDING PAD LOCATIONS 


PCF8576C 


MBE536 


Chip dimensions: approximately 2.92 x 3.20 mm. 
Pad area: 0.0121 mm2. 
Bonding pad dimensions: 110 x 110 um. 


Fig.30 Bonding pad locations. 
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Table 16 Bonding pad locations (dimensions in um) 
All x/y coordinates are referenced to left-hand bottom corner of chip (see Fig.30). 


~1380 
~1380 
~1380 


1385 
—1385 
—1405 
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1 


FEATURES 


Direct/duplex drive modes with up to 
32/64 LCD-segment drive capability per device 


Operating supply voltage: 2.5 to 6 V 


2 GENERAL DESCRIPTION 


The PCF8577C is a single chip, silicon gate CMOS circuit. 
It is designed to drive liquid crystal displays with up to 
32 segments directly, or 64 segments in a duplex 


configuration. 
e Low power consumption 


The two-line I2C-bus interface substantially reduces wiring 
overheads in remote display applications. I@C-bus traffic is 
minimized in multiple IC applications by automatic address 
incrementing, hardware subaddressing and display 
memory switching (direct drive mode).To allow partial Vpp 
shutdown the ESD protection system of the SCL and SDA 
pins does not use a diode connected to Vpp. 


e |2C-bus interface 
e Optimized pinning for single plane wiring 
e Single-pin built-in oscillator 


e Auto-incremented loading across device subaddress 
boundaries 


Display memory switching in direct drive mode 


May be used as |?C-bus output expander 
e System expansion up to 256 segments 

e Power-on reset blanks display 

e |#C-bus address: 0111 0100. 


3 ORDERING INFORMATION 
PACKAGE 


| NAME | DESCRIPTION 
DIP40 plastic dual in-line package; 40 leads (600 mil) 
plastic very small outline package; 40 leads 
VS040 in blister tape 


| chip on film-frame-carrier (FFC) 


TYPE NUMBER 


VERSION 
— | SOT129-1 
SOT158A 


BACKPLANE 
AND 


SEGMENT 


LOGIC $1 
BP1 |. 


FILTERS CONTROLLER 


SEGMENT BYTE 
INPUT é \2C - BUS ba a 


A2/BP2 
Ai 
Ao/OSC 
CONTROL REGISTER 
AND 
COMPARATOR 


oe : 
N 
aN. | | PCF8577C 


MGA727 


Fig.1 Block diagram. 
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5 PINNING 


| SYMBOL | PIN — DESCRIPTION 


cascade sync input/backplane 
output 


hardware address line and 
cascade sync input/backplane 
output 


A2/BP2 
BP1 

S1 

S2 

$3 

S4 

$5 

S6 

S7 

$8 


S9 


MGA725 


Fig.2 Pin configuration. 
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6 FUNCTIONAL DESCRIPTION 
6.1 Hardware subaddress AO, A1, A2 


The hardware subaddress lines AO, A1 and A2 are used to 
program the device subaddress for each PCF8577C 
connected to the I2C-bus. Lines AO and A2 are shared with 
OSC and BP2 respectively to reduce pin-out 
requirements. 


1. Line AO is defined as LOW (logic 0) when this pin is 
used for the local oscillator or when connected to Vss. 
Line AO is defined as HIGH (logic 1) when connected 
to Vopp- 

Line A1 must be defined as LOW (logic 0) or as HIGH 
(logic 1) by connection to Vgg or Vpp respectively. 


ho 


ad 


In the direct drive mode the second backplane signal 
BP2 is not used and the A2/BP2 pin is exclusively the 
A2 input. Line A2 is defined as LOW (logic 0) when 
connected to Vss or, if this is not possible, by leaving 
it unconnected (internal pull-down). Line A2 is defined 
as HIGH (logic 1) when connected to Vpp. 


= 


In the duplex drive mode the second backplane signal 
BP2 is required and the A2 signal is undefined. In this 
mode device selection is made exclusively from 

lines AO and A1. 


6.2 Oscillator A0/OSC 


The PCF8577C has a single-pin built-in oscillator which 
provides the modulation for the LCD segment driver 
outputs. One external resistor and one external capacitor 
are connected to the AO/OSC pin to form the oscillator (see 
Figs 15 and 16). For correct start-up of the oscillator after 
power on, the resistor and capacitor must be connected to 
the same Vss/Vpp as the chip. In an expanded system 
containing more than one PCF8577C the backplane 
signals are usually common to all devices and only one 
oscillator is required. The devices which are not used for 
the oscillator are put into the cascade mode by connecting 
the A0/OSC pin to either Vpp or Vsg depending on the 
required state for AO. In the cascade mode each 
PCF8577C is synchronized from the backplane signal(s). 


1997 Mar 28 


6.3 User-accessible registers 


There are nine user-accessible 1-byte registers. The first 
is a control register which is used to control the loading of 
data into the segment byte registers and to select display 
options. The other eight are segment byte registers, split 
into two banks of storage, which store the segment data. 
The set of even numbered segment byte registers is called 
BANK A. Odd numbered segment byte registers are called 
BANK B. | | 


There is one slave address for the PCF8577C (see Fig.6). 
Alladdressed devices load the second byte into the control 
register and each device maintains an identical copy of the 
control byte in the control register at all times (see I2C-bus 
protocol, Fig.7), i.e. all addressed devices respond to 
control commands sent on the I@C-bus. 


The control register is shown in more detail in Fig.3. 
The least-significant bits select which device and which 
segment byte register is loaded next. This part of the 
register is therefore called the Segment Byte Vector 
(SBV). 


The upper three bits of the SBV (V5 to V3) are compared 
with the hardware subaddress input signals A2, A1 

and AO. If they are the same then the device is enabled for 
loading, if not the device ignores incoming data but 
remains active. 


The three least-significant bits of the SBV (V2 to VO) 
address one of the segment byte registers within the 
enabled chip for loading segment data. 


The control register also has two display control bits. 
These bits are named MODE and BANK. The MODE bit 
selects whether the display outputs are configured for 
direct or duplex drive displays. The BANK bit allows the 
user to display BANK A or BANK B. 


6.4 Auto-incremented loading 


After each segment byte is loaded the SBV is incremented 
automatically. Thus auto-incremented loading occurs if 
more than one segment byte is received in a data transfer. 


Since the SBV addresses both device and segment 
registers in all addressed chips, auto-incremented loading 
may proceed across device boundaries provided that the 
hardware subaddresses are arranged contiguously. 
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CONTROL REGISTER SEGMENT BYTE REGISTERS 
fo ell [ | 


DISPLAY SEGMENT BYTE VECTOR 
CONTROL (SBV) 


—— LSS ee 


msb Isb 


as V5 V4 V3{V2 V1 VO 


segment byte 
register 
(1 ) (1 ) address 


comparison 


A2 Ai AO 


device 
subaddress 


DIRECT DRIVE DISPLAY 
DUPLEX DRIVE ss ae 
(1) Bits ignored in duplex mode. 


Fig.38 PCF8577C register organization. 


Segment x 
(Sx) 


MGA737 


Von(rms) = Vop — Vss: Vottirms) = 0. 


Fig.4 Direct drive mode display output waveforms. 
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6.5 Direct drive mode 

The PCF8577C is set to the direct drive mode by loading 
the MODE control bit with logic 0. In this mode only four 
bytes are required to store the data for the 32 segment 
drivers. Setting the BANK bit to logic 0 selects even bytes 


(BANK A), setting the BANK bit to logic 1 selects odd bytes 
(BANK B). 


In the direct drive mode the SBV is auto-incremented by 
two after the loading of each segment byte register. This 
means that auto-incremented loading of BANK A or 
BANK B is possible. Either bank may be completely or 
partially loaded irrespective of which bank is being 
displayed. Direct drive output waveforms are shown in 
Fig.4. 


OFF / OFF ON / OFF 


Vpp ee ae 
0.5 (Vpp + Vsg) — th | 
‘oe 


Vpp ——---------—— 


\So SS 


Vpp 


Vss 


Vpp — Yss 


0.5 (Vpp — Vgg) —— 
; fu, 
— 0.5 (Vpp - Vgg) ——-—— 


— (Vpp -Vss) 


Yop ~ Yss 
0.5 (Vpp—- Vss 
0 
— 0.5 (V—pp - Vss) 
~ Ypp —Yss) 


Von(rms) = 0.791 (Vpp — Vss); Vott(rms) = 0.354 (Vpp — Vgs). 


Vonims) _ 9 996 
Vote (rms) 


6.6 Duplex mode 


The PCF8577C is set to the duplex mode by loading the 
MODE bit with logic 1. In this mode a second backplane 
signal (BP2) is needed and pin A2/BP2 is used for this; 
therefore A2 and its equivalent SBV bit V5 are undefined. 
The SBV auto-increments by one between loaded bytes. 


All of the segment bytes are required to store data for the 
32 segment drivers and the BANK bit is ignored. 


Duplex mode output waveforms are shown in Fig.5. 


OFF / ON 


ou 


Segment x 
(Sx) 


MGA738 


_ Fig.5 Duplex mode display output waveforms. 
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6.7 Power-on reset 


At power-on reset the PCF8577C resets to a defined 
starting condition as follows: 


1. Both backplane outputs are set to Vss in master mode; 


to 3-state in cascade mode 
All segment outputs are set to Vss 


oO oN 


The segment byte registers and control register are 
cleared 


4. The |?C-bus interface is initialized. 


6.8 Slave address 


The PCF8577C slave address is shown in Fig.6. 


Before any data is transmitted on the I?C-bus, the device 
which should respond is addressed first. The addressing is 
always done with the first byte transmitted after the start 
procedure. 


sjor1 1010 oja| 


L_SLAVE ADDRESS — 
MGA731 


Fig.6 PCF8577C slave address. 


acknowledge by 
all PCF8577C 


SEGMENT 


LU | 


BYTE VECTOR 
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PCF8577C 


6.9  1[?C-bus protocol 


The PCF8577C |2C-bus protocol is shown in Fig.7. 


The PCF8577C is a slave receiver and has a fixed slave 
address (see Fig.6). All PCF8577Cs with the same slave 
address acknowledge the slave address in parallel. 

The second byte is always the control byte and is loaded 
into ihe control register of each PCF8577C connected to 
the I?C-bus. All addressed devices acknowledge the 
control byte. Subsequent data bytes are loaded into the 
segment registers of the selected device. Any number of 
data bytes may be loaded in one transfer and in an 
expanded system rollover of the SBV from 111 111 to 
000 000 is allowed. If a stop (P) condition is given after the 
control byte acknowledge the segment data will remain 
unchanged. This allows the BANK bit to be toggled without 
changing the segment register contents. During loading of 
segment data only the selected PCF8577C gives an 
acknowledge. Loading is terminated by generating a stop 
(P) condition. 


acknowledge by 
all PCF8577C 


acknowledge by 
selected PCF8577C only 


SEGMENT DATA ae 


l—_—_ control byte ___! 4 n bytes ai 


MGA732 


auto increment 
segment byte vector 


Fig.7 I2C-bus protocol. 
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6.10 Display memory mapping 
The mapping between the eight segment registers and the segment outputs $1 to S32 is given in Tables 1 and 2. 


Since only one register bit per segment is needed in the direct drive mode, the BANK bit allows swapping of display 
i:formation. If BANK is set to logic 0 even bytes (BANK A) are displayed; if BANK is set to logic 1 odd bytes (BANK B) 
are displayed. BP1 is always used for the backplane output in the direct drive mode. In duplex mode even bytes 
(BANK A). correspond to backplane 1 (BP1) and odd bytes (BANK B) correspond to backplane 2 (BP2). | 


LSB | BACK- 
O | PLANE 


Table 1 Segment byte-segment driver mapping in direct drive mode 


SEGMENT | 
BIT/ 
REGISTER 


= 
NO 
WO 
NUN 
| & 
Y 
RUB 
G3 | 
|S 


ale 
CO; © 
2 
o1 
22 
|] A 
NO }— | — 
— | G | ® 
ae 
NO 
ep) 
oh, 
aonk 
|W 
—_— 


gig 
N | — 
ILD 
ee) 
8 
ND 
NO 
gig 
Ne > — 
O;NM 
|) WM 
| eh 
gig 
Z 
Co 


ee) 


g 
A) 
i) 
8 
sr 
g 
ice) 
} 
8 
Ne 
© 
8 
RD 
oD 
g 
ie 
NJ 
8 
RN 
on 


vic 

0 
Eos 
co 
0 | 
ex 


Mapping example: bit 0 of register 7 controls the LCD segment S25 if BANK bit is a logic 1. 


Table 2 Segment byte-segment driver mapping in duplex mode 


SEGMENT/ 
BANK") BIT/ 
REGISTER 


: 
i | i ee 


Note 
1. Where X = don’t care. 


Mapping example: bit 7 of register 5 controls the LCD segment S24/BP2. 
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7 CHARACTERISTICS OF THE I?C-BUS 


The |2C-bus is for 2-way, 2-line communication between 
different ICs or modules. The two lines are a serial data 
line (SDA) and a serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up resistor when 
connected to the output stages of a device. Data transfer 
may be initiated only when the I@C-bus is not busy. 


7.1 Bit transfer 


One data bit is transferred during each clock pulse. 

The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
at this time will be interpreted as control signals. 


7.2 Start and stop conditions 


Both data and clock lines remain HIGH when the I2C-bus 
is not busy. A HIGH-to-LOW transition of the data line, 
while the clock is HIGH is defined as the start condition (S). 
A LOW-to-HIGH transition of the data line while the clock 
is HIGH is defined as the stop condition (P). 


7.3. System configuration 


A device generating a message is a ‘transmitter’, a device 
receiving a message is the ‘receiver’. The device that 
controls the message is the ‘master’ and the devices which 
are controlled by the master are the ‘slaves’. 


7.4 Acknowledge 


The number of data bytes transferred between the start 
and stop conditions from transmitter to receiver is not 
limited. Each byte is followed by one acknowledge bit. 
The acknowledge bit is a HIGH level put on the I2C-bus by 
the transmitter whereas the master generates an extra 
acknowledge related clock pulse. A slave receiver which is 
addressed must generate an acknowledge after the 
reception of each byte. Also a master must generate an 
acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that 
acknowledges has to pull down the SDA line during the 
acknowledge clock pulse, set-up and hold times must be 
taken into account. A master receiver must signal an end 
of data to the transmitter by not generating an 
acknowledge on the last byte that has been clocked out of 
the slave. In this event the transmitter must leave the data 
line HIGH to enable the master to generate a stop 
condition. 


soe XN 


| : 
| data line 
| stable; 

| data valid 


| 

| change | 
| of data | 
| allowed | 


MBA607 


Fig.8 Bit transfer. 
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we .— — 


STOP condition 
MBA608 


Fig.9 Definition of the start and stop conditions. 


MASTER MASTER 
TRANSMITTER / RECEIVER TRANSMITTER / TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


MBA605 


Fig.10 System configuration. 


START clock pulse for 
condition acknowledgement 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT _ 
BY RECEIVER MBAGO6 - 1 


Fig.11 Acknowledgement on the I2C-bus. 
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8 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER CONDITIONS 
supply voltage 
Vi i 


SS) 
[Vi [inputvotage onpin | 
locites | Voo or Ves curent——+(|SSSSSSSSC~S 

i [DCinputcurens | 

lig [DC outputcurents «dt SCSCS~— RB 

Po aaa 


power dissipation per output 


Note 
1. Reduce by 7.7 mW/K when Tampb > 60 °C. 


9 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe it is 
desirable to take normal precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC 12 
under “Handling MOS Devices”. 


10 DC CHARACTERISTICS 
Vpp = 2.5 to 6 V; Vssg = 0 V; Tamb = —40 to 85 °C; unless otherwise specified. 


[syweo. | _Parawerer | conomons | _wN_[TvRl0] wax._| UNT 
sey OSOSOSOSCSC“CRSCS 


Supply 


supply current for no load; fsc. = 100 kHz; 
non-specified inputs at Vpp or =| Rose = 1 MQ; 
Vss Case = 680 pF 
no load; fsc, = 0; 
Rose = 1 MQ; 
ose = 680 pF 
no load; fsc. = 0; 
Rose = 1 MQ; 
Cosc = 680 pF; Vpp = 5 V; 
Tamb => 25 ss @ 
no load; fsc. = 0; direct 
mode; A0/OSC = Vpp; 
Vpp =5V; Tamb = 25°C 


Vpor power-on reset level note 2 


LOW level input voltage 
HIGH level input voltage 
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SYMBOL PARAMETER CONDITIONS | MIN, TYP.(1) | MAX. | UNIT 


Input A1 | 


ViL(at) POW level input yellage ae 


Vitae) LOW level input voltage — 
ViH(A2) HIGH level input voltage 


Vinisct; spa) | HIGH level input voltage pO f= 


Output SDA 


lon LOW level output current Vo. = 0.4 V; Vpp = 5 V 3 = mA 


A1; SCL; SDA | 


A2/BP2; BP1 


fig [leakage cuvent ————~S«dWis Von ores SiS 


A2/BP2 


lps [puit-down curent _——‘[VizVoo Sid SSS Sd 


A0/OSC 


fia [leakage curent———S=«d(i=Voo—SSSCS~—dSSd Sd 
fs [Startup ourent ————SSC*(s eg SSSCS~dSSCSC~‘~—wSC*dSC*d 


LCD outputs 


DC component of LCD driver : 


lout LOW level segment output Vpp = 5 V; Vo, = 0.8 V; 0.3 
current : note 4 
lou1 HIGH level segment output Vpp = 5 V; 
current Vou = Vpp — 0.8 V; note 4 
Rep backplane output resistance Vo = Vss or Vpp or 
(BP 1; BP2) Vo(Vss + Vpp); note 5 


Notes 


PCF8577C 


< 
w) 
Sw) 
| 
io) 
° 
< 
w) 
—) 
; 


: NO 
io) 


0 


aS 
a 


on | 
2 
‘ } bi 
3 3/3 


1. Typical conditions: Vpp = 5 V; Tamb = 25 °C. 
Resets all logic when Vpp < Vpor. 
Periodically sampled, not 100% tested. 
Outputs measured one at a time. 


aR ON 


Outputs measured one at a time; Vpp = 5 V3 hhoag = 100 PA. 
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11 AC CHARACTERISTICS 
Vpp = 2.5 to 6 V; Tamb = —40 to 85 °C; unless otherwise specified. All the timing values are valid within the operating 
supply voltage and ambient temperature range and refer to Vj_ and Viy with an input voltage swing of Vss to Vpp. 


SYMBOL PARAMETER CONDITIONS TYP.) UNIT 
display frequency Cosc = 680 PF; Rose = 1 MQ | 65 


120 
1 


20 


"~ 
2 
fox 
¢ 
” 
is 
N 
, 
© 
os 


=i 
© 
je 
N 


act | SOL clock frequency fee! 
tolerable spike width on I@C-bus | Tamp = 25 °C 
l2C-bus free time 


START condition set-up time 
START condition hold time 


1 


© 
= 


& 
(2) 


= 


aN 
oO 


[iow | SCLLOW time —— 
[wc [SCL HIGH time ares 


Ait 
ON 


n 


ot) 
O 


fo 
STOP condition set-up time 


Note 
1. Typical conditions: Vpp = 5 V; Tamb = 25 °C. 


250 
.O 


4 


o>) 
O;O 
” ” NA1NINIT OM 


m 


1.5kQ 
SCL, SDA 
nat _——_{___}— 
(pins 39, 40) VoD (Vppt Veg) /2 


MGA730 


Fig.12 Test loads. 
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BP1, BP2 


MGA729 


Fig.13 Driver timing waveforms. 


MGA728 


Fig.14 |#C-bus timing diagram; rise and fall times refer to Vi. and Vj. 
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LSV 


SCL 
SDA 


DIRECT DRIVE LCD DISPLAY backplane 


256 


device subaddress 
A2.A1.A0 = 111 


device subaddress 
A2.A1.A0 = 001 


device subaddress 
A2.A1.A0 = 000 


oe MGA735 


Fig.15 Direct display driver; expansion to 256 segments using eight PCF8577Cs. 
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8SV 


SCL 
SDA 


DUPLEX LCD DISPLAY 


32 


S2 


be | 
AIRE 
Olin [fo 


Bl 
Le 
O 
op) 
i?) 


PCF8577C 


SCL 
$32 SDA 
1 


device subaddress 
A1.A0 = 01 


device subaddress 
A1.A0 = 00 


Fig.16 Duplex display; expansion to 2 x 128 segments using four PCF8577Cs. 


device subaddress 
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I?C-bus interface 


32 output lines 


He ia OSC 


device subaddress 
A2, A1, AO = 000 


expansion 
MGA734 


MODE bit must always be set to logic 0 (direct drive). 
BANK switching is permitted. 
BP1 must always be connected to Vss and A0/OSC must be connected to either Vpp or Vsg (no LCD modulation). 


Fig.17 Use of PCF8577C as a 32-bit output expander in I@C-bus application. 
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13 CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


VDD 
A2/BP2 
BP1 

S1 

$2 

$3 

S4 

S5 

S6 


PCF8577C 


S7 


OooOoooooogooo dg gis 


MGA726 


Chip area = 4.62 mm2. 

Thickness = 381 +25 um. 

n-substrate (back) connected to Vpp. 
Bonding pad dimensions = 110 um x 110 um. 


Fig.18 Bonding pad locations. 


MBE924 


Fig.19 Reference marks. 
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Table 3. Bonding pad locations (dimensions in um) 
-All x and y co-ordinates are referenced to bottom left corner, see Fig.18. 


PAD POSITION CENTRED 
SIGNAL 


PAD POSITION CENTRED 


3 


941 
Sg 598 941 
S8 836 ~941 
~770 
599 
-428 
~257 


op) 
—_h, 
7) 
N 
N 


ep 
o> 
(oe) 
G 
Oo 


op 
N 
o>) 
Oo 


ep) 
o1 
©O 
G) 
o>) 
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ep) 
ie) 
CO 
'é2) 
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©O 
oO) 


& 
oP) 


~ 
N 
joe) 
io) 
Oo 


$1 836 


NO 
O01} © 
1 


7 


OW 
U 
—_ 
ie) 
oO) 
i 
NO 


> 

Ae) 
oO |o 
91% 

PO 
© | © 
WO] QW 
Oo} oO 
SN] O1 
©) | © 
oO; 


$18 
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sh 


> 
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op) 
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© 
© 
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aN 
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SOLDERING 


Introduction 

Reflow soldering 

Wave soldering 

LQFP 

VSO 

Method (LQFP and VSO) 
Repairing soldered joints 


DEFINITIONS 
LIFE SUPPORT APPLICATIONS 
PURCHASE OF PHILIPS I?C COMPONENTS 
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1 FEATURES 


e Single chip LCD controller/driver 


Stand-alone or may be used with up to 32 PCF8579s 
(40960 dots possible) 


40 driver outputs, configurable as 9%, 2446, 1%, or 
8/45 rows/columns 


e Selectable multiplex rates; 1:8, 1:16,1:240r1:32 
Externally selectable bias configuration, 5 or 6 levels 


1280-bit RAM for display data storage and scratch pad 
e Display memory bank switching 


e Auto-incremented data loading across hardware 
subaddress boundaries (with PCF8579) 


e Provides display synchronization for PCF8579 

e On-chip oscillator, requires only 1 external resistor 

e Power-on reset blanks display 

e Logic voltage supply range 2.5 to 6 V 

e Maximum LCD supply voltage 9 V 

e Low power consumption 

e |2C-bus interface 

e TTL/CMOS compatible 

e Compatible with most microcontrollers 

e Optimized pinning for single plane wiring in multiple 
device applications (with PCF8579) 


Space saving 56-lead plastic mini-pack and 64 pin quad 
flat pack 


Compatible with chip-on-glass technology. 


4 ORDERING INFORMATION 


2 APPLICATIONS 


e Automotive information systems 


Telecommunication systems 


Point-of-sale terminals 
e Computer terminals 
e Instrumentation. 


3 GENERAL DESCRIPTION 


The PCF8578 is a low power CMOS LCD row/column 
driver, designed to drive dot matrix graphic displays at 
multiplex rates of 1: 8, 1: 16, 1:24o0r 1:32. The device 
has 40 outputs, of which 24 are programmable, 
configurable as 9%, 24/446, '%4 or %32 rows/columns. 

The PCF8578 can function as a stand-alone LCD 
controller/driver for use in small systems, or for larger 
systems can be used in conjunction with up to 

32 PCF8579s for which it has been optimized. Together 
these two devices form a general purpose LCD dot matrix 
driver chip set, capable of driving displays of up to 

40960 dots. The PCF8578 is compatible with most 
microcontrollers and communicates via a two-line 
bidirectional bus (I?C-bus). Communication overheads are 
minimized by a display RAM with auto-incremented 
addressing and display bank switching. 


PACKAGE | 


TYPE 
NUMBER | NAME | DESCRIPTION VERSION 


PCF8578T VSO56 __ | plastic very small outline package; 56 leads SOT190-1. 
PCF8578U7 fF chip with bumps on tape fF 


bf 
’ 3 s) 


PCF8578H LQFP64 | plastic low profile quad flat package; 64 leads; body 10 x 10 x 1.4 mm SOT314-2 
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5 BLOCK DIAGRAM 


C39 - C32 
R31/C31 - R8&/C8 
R7 - RO 
17-56 
(29 to 35, 37, 38 to 46 
7 48 to 62, 63, 64, 1 to 6) 
DD 
Vo 
; 
V3 Row/coLumn!)) 
V4 DRIVERS PCF8578 
V5 
VCD 


TEST 


ae OUTPUT 
CONTROLLER CONTROLLER 


Y DECODER 


32 x 40-BIT DISPLAY 
AND SENSING 
AMPLIFIERS DISPLAY RAM DECODER 


X DECODER 


RAM DATA POINTER 
ad X 


POWER-ON SUBADDRESS 
RESET COUNTER 


SCL | INPUT COMMAND 
Pee sl FILTERS DECODER 


(14, 15, 17 to 19 
15, 16 26 to 28 36, 47 


(1) Operates at LCD voltage levels, all other blocks operate at logic levels. 
The pin numbers given in parenthesis refer to the LQFP64 package. 


Fig.1 Block diagram 
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6 PINNING 


25 
15, 16 14, 15, 17 to 19, | not connected 
26 to 28, 36, 47 


R31/C31 to R8/C8 25 to 48 38 to 46, 48 to 62 | LCD row/column driver outputs 
R7 to RO 49 to 56 63, 64, 1 to 6 LCD row driver outputs 


Ec 
SYNC =| S*dY SSS —* cade synchronization ouput 
CLK 
Test __+| 6 | 12 testi (comecttoVag) SSS 
osc SSCSSC*dCSSC«i SSCS atorinput CS 
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SDA [1 | U 
SCL 
SYNC 
CLK 
Vgs 
TEST | 6. 
SAO 
osc | 8 | 
Vop [ 9. 
V2 

V3 

V4 [12| 

V5 [441 
Viep 
— PCF8578 

n.c. 
C39 
C38 
C37 
C36 
C35 
C34 
C33 
C32 
R31/C31 
R30/C30 
R29/C29 
R28/C28 


MSA839 


R8/C8 

R9/C9 

R10/C10 
R11/C11 
R12/C12 
R13/C13 
R14/C14 
R15/C15 
R16/C16 
R17/C17 
R18/C18 
R19/C19 
R20/C20 
R21/C21 
R22/C22 
R23/C23 
R24/C24 
R25/C25 
R26/C26 


R27/C27 


Fig.2 Pin configuration (VSO56). 
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eee, a ee ee ee aa 
S| [8] [3] fe} [3] 13) 18) |) |) [8] [3] [3] [8] fa] 13] |e 
R5 C) 48 | R22/C22 
R4 n.c. 
R3 R23/C23 
R2 R24/C24 
R1 R25/C25 
RO| 6 | R26/C26 
SDA R27/C27 
SCL | 8 | R28/C28 
SYNC | 9 | ene 40 | R29/C29 
CLK R30/C30 
Vss R31/C31 
TEST C32 
SAO n.c. 
n.c. C33 
n.c. C34 
OSC C35 


n.c. | 17] 
n.c. |18| 
n.c. | 19] 


Vpp |20. 
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Vo [21] 
V3 [22 
V4 [23] 
V5 [24 
VLCD [25 
n.c. |26 
n.c. |27| 
n.c. | 28| 
C39 | 29) 
C38 | 30) 
C37 |31| 
C36 | 32. 


Fig.3 Pin configuration (LQFP64). 
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7 FUNCTIONAL DESCRIPTION 


The PCF8578 row/column driver is designed for use in one 
of three ways: 


e Stand-alone row/column driver for small displays 
(mixed mode) 


e Row/column driver with cascaded PCF8579s 
(mixed mode) 


e Row driver with cascaded PCF8579s (mixed mode). 


7.1 Mixed mode 


In mixed mode, the device functions as both a row and 
column driver. It can be used in small stand-alone | 
applications, or for larger displays with up to 15 PCF8579s 
(31 PCF8579s when two slave addresses are used). 

See Table 1 for common display configurations. 


7.2 Row mode 


In row mode, the device functions as a row driver with up 
to 32 row outputs and provides the clock and 
synchronization signals for the PCF8579. Up to 16 
PCF8579s can normally be cascaded (32 when two slave 
addresses are used). 


Table 1 Possible displays configurations 


APPLICATION | 


Stand alone 


MULTIPLEX 
RATE 


616(1) 


Notes 
1. Using 15 PCF8579s. 
2. Using 16 PCF8579s. 
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With PCF8579 6321) 8 x 4 4(2) 


640(2) dot matrix graphic displays 
24(2) 6400) 
24(2) 6400) 


Timing signals are derived from the on-chip oscillator, 
whose frequency is determined by the value of the resistor 
connected between OSC and Vgs. 


Commands sent on the I2C-bus from the host 
microcontroller set the mode (row or mixed), configuration 
(multiplex rate and number of rows and columns) and 
control the operation of the device. The device may have 
one of two slave addresses. The only difference between 
these slave addresses is the least significant bit, which is 
set by the logic level applied to SAO. The PCF8578 and 
PCF8579 also have subaddresses. The subaddress of the 
PCF8578 is only defined in mixed mode and is fixed at 0. 
The RAM may only be accessed in mixed mode and data 
is loaded as described for the PCF8579. 


Bias levels may be generated by an external potential 
divider with appropriate decoupling capacitors. For large 
displays, bias sources with high drive capability should be 
used. A typical mixed mode system operating with up to 
15 PCF8579s is shown in Fig.5 (a stand-alone system 
would be identical but without the PCF8579s). 


TYPICAL APPLICATIONS 


small digital or 
alphanumerical displays 


alphanumeric displays and 
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7.3 Multiplexed LCD bias generation 


The bias levels required to produce maximum contrast 
depend on the multiplex rate and the LCD threshold 
voltage (Vin). Vin is typically defined as the RMS voltage at 
which the LCD exhibits 10% contrast. Table 2 shows the 
optimum voltage bias levels for the PCF8578 as functions 
Of Vop (Vop = Vpp — Vicp), together with the discrimination 
ratios (D) for the different multiplex rates. A practical value 
for Vop is obtained by equating Vottimsy with Vin. Figure 4 
shows the first 4 rows of Table 2 as graphs. Table 3 shows 
the relative values of the resistors required in the 
configuration of Fig.5 to produce the standard multiplex 
rates. 


Table 2 Optimum LCD voltages 


MULTIPLEX RATE 
PARAMETER 4:8 | 


V : 
ce 0.739 | 0.800 | 0.830 | 0.850 
Vop 

Va 

ma) 0.522 | 0.600 | 0.661 | 0.700 
Vo 

p 

V4 

eu 0.478 | 0.400 | 0.339 | 0.300 
ve 

Ve 

ml 0.261 | 0.200 | 0.170 | 0.150 
Ne 

p 

Moen come) 

a ane 0.297 | 0.245 | 0.214 | 0.193 
op 

V 

0.430 | 0.316 | 0.263 | 0.230 
1.447 | 1.291 | 1.230 | 1.196 
4.680 | 5.190 


MULTIPLEX RATE (n) 


= Vencinis) 


V oft ems) 


RESISTORS 
R1 


ROR 
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7.4 Power-on reset 


At power-on the PCF 8578 resets to a defined starting 
condition as follows: 


Display blank 

1 : 32 multiplex rate, row mode 

Start bank, O selected 

Data pointer is set to X, Y address 0, 0 
Character mode 

Subaddress counter is set to 0 


esos VeN aa ee I, 


I?C-bus interface is initialized. 


Data transfers on the I?C-bus should be avoided for 1 ms 
following power-on, to allow completion of the reset action. 


MSA838 


1:24 1:32 
multiplex rate 


Vbias = Vo, V3, Va, Vs. See Table 2. 


Fig.4 Vbias/Vop as a function of the multiplex rate. 


469 


8c JEW L661 


OLV 


LCD DISPLAY 


n 40-n 
rows columns 


40 
columns 


Vpp AQ 
Al 


HOST 
MICROCONTROLLER 


Vicp 
se PCF8579 re 


SCL 


SAO A3 
SDA SCL CLK SYNC V4 V3 


SDA 


Fig.5 Typical mixed mode configuration. 
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COLUMN 


ROW 0 


COLUMN 
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of/1|2]{3a]4 fs ]e6f]7]s|o{w] 11] wz] 13| 14 | 15 


Vicp— | 


o|1 | 2 | 3|4 | 5|6|7/8 | 9 [10] 11| 12] 13] 14] 15| 16] 17| 18] 19] 20 | 21 | 22/28 


Vicp— 


0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |10|11]12]13|14|15|16|17|18|19|20|21|20|23]24\25|26|27|28|29|30|31 


Fig.6 LCD row/column waveforms. 
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0.478 Vop _ 
0.261 Vop _ 


Vetateal) OV 


- 0.478 Vop _ 


— Vop 


V state 1 (t) =C1(t) — R1(t): 


Von(rms) 1 48-1 
—— = [t+ 21 = 0.430 
Vop 8 8 (V8 +1) 


Vstate 2 (t) = Cait) — R2(t): 


Votf(rms) _ 2(V8-1) _ 
Vo NW Were 


dot matrix 
1:8 multiplex rate 


< 
Q 
2 
@ 
em QQ 
= NO 
ar 
mele) 
oo < 
<b ° 
® Ko} << << cc 
ropan oO 
= (2) iw) 
r ali 
114 | 


state 1 (OFF) 
/f state 2 (ON) 


MSA840 


general relationship (n = multiplex rate) 


Vonrms) a ae vn -1 
Vop n n (Vn +1 ) 
Vott(rms) es 2(Vn-1) 


Yon Nata nee 


Fig.7 LCD drive mode waveforms for 1 : 8 multiplex rate. 
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mae T frame a 
a ee state 2 (ON) 
DD 
ROW 1 
R11 (t) 


ROW 2 
Ra (t) 


COL 1 7 
C1 (t) 
V5 dot matrix 
1:16 multiplex rate 


V5 
coL2 V3 
C2 (t) So 


PCF8578 


MSA836 


Vstate 1 (t) =C1(t) —R1(t): general relationship (n = multiplex rate) 


Von(rms) til eNO 0.316 Von(rms) =f t+ 
Vo N16 16(V16+1) Vop n n(Vn+1) 
V state 2 (t) = C2(t) — R(t): Vott(rms) 2(V n-1) 


Vop = VV n (Vn+1)? 


Votirms) __ | 2({16-1) 


= 0.254 
Vop V16 (V16 +1)? 


Fig.8 LCD drive mode waveforms for 1 : 16 multiplex rate. 
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7.5 — Internal clock 7.6 External clock 
The clock signal for the system may be generated by the If an external clock is used, OSC must be connected to 
internal oscillator and prescaler. The frequency is Vpp and the external clock signal to CLK. Table 4 
determined by the value of the resistor Rogc, see Fig.9. summarizes the nominal CLK and SYNC frequencies. 


For normal use a value of 330 kQ is recommended. 
The clock signal, for cascaded PCF8579s, is outputatCLK 7.7 Timing generator 


and has a frequency Ye (multiplex rate 1:8, 1:16 and am 
1: 32) or 1% (multiplex rate 1 : 24) of the oscillator The timing generator of the PCF8578 organizes the 


frequency internal data flow of the device and generates the LCD 
frame synchronization pulse SYNC, whose period is an 
integer multiple of the clock period. In cascaded 
applications, this signal maintains the correct timing 
re relationship between the PCF8578 and PCF8579Qs in the 
7 
108 ==s =e system. 
FEH aaa 
tH Hf 
osc al ici 7.8 | Row/column drivers 
(kHz) HI Hee 
fll | Outputs RO to R7 and C32 to C39 are fixed as row and 
10° EE _ ES column drivers respectively. The remaining 24 outputs 
PNA HH R8/C8 to R31/C31 are programmable and may be 
TTS a rH : 
pull | ll configured (in blocks of 8) to be either row or column 
mitt a ll drivers. The row select signal is produced sequentially at 
i iil| a | each output from RO up to the number defined by the 
a multiplex rate (see Table 1). In mixed mode the remaining 
malt ES outputs are configured as columns. In row mode all 
i SH programmable outputs (R8/C8 to R31/C31) are defined as 
row drivers and the outputs C32 to C39 should be left 
open-circuit. 
104 
Rose (kt2) Using a 1: 16 multiplex rate, two sets of row outputs are 
To avoid capacitive coupling, which could adversely affect oscillator driven, thus facilitating split-screen configurations, |.e. a 
stability, Rogc should be placed as closely as possible to the OSC row select pulse appears simultaneously at RO and 
pin. If this proves to be a problem, a filtering capacitor may be R16/C16, R1 and R17/C17 etc. Similarly, using a multiplex 
connected in parallel to Rosc. 


rate of 1 : 8, four sets of row outputs are driven 
simultaneously. Driver outputs must be connected directly 
to the LCD. Unused outputs should be left open-circuit. 
In 1: 8 RO to R7 are rows; in 1 : 16 RO to R15/C15 are 
rows; in 1 : 24 RO to R23/C23 are rows; in 1 : 32 

RO to R31/C31 are rows. 


Fig.9 Oscillator frequency as a function of 
external oscillator resistor, Rosc. 


Table 4 Signal frequencies required for nominal 64 Hz frame frequency; note 1. 


OSCILLATOR 
FREQUENCY FRAME FREQUENCY DIVISION | CLOCK FREQUENCY 


MULTIPLEX RATE (n) 
fosc2 (Hz) fsync (Hz) RATIO ~ ferk (HZ) 


a ae 


MuLeS 
1. A clock signal must always be present, otherwise the LCD may be frozen in a DC state. 


2. Rosc = 330 ka. 
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7.9 Display mode controller 


The configuration of the outputs (row or column) and the 
selection of the appropriate driver waveforms are 
controlled by the display mode controller. 


7.10 Display RAM 


The PCF8578 contains a 32 x 40-bit static RAM which 
stores the display data. The RAM is divided into 4 banks 
of 40 bytes (4 x 8 x 40 bits). During RAM access, data is 
transferred to/from the RAM via the I2C-bus. The first 
eight columns of data (0 to 7) cannot be displayed but 
are available for general data storage and provide 
compatibility with the PCF8579. There is a direct 
correspondence between X-address and column output 
number. 


7.11. Data pointer 


The addressing mechanism for the display RAM is 
realized using the data pointer. This allows an individual 
data byte ora series of data bytes to be written into, or read 
from, the display RAM, controlled by commands sent on 
the I@C-bus. 


7.12 Subaddress counter 


The storage and retrieval of display data is dependent on 
the content of the subaddress counter. Storage takes 
place only when the contents of the subaddress counter 
agree with the hardware subaddress. The hardware 
subaddress of the PCF8578, valid in mixed mode only, is 
fixed at 0000. 


7.13 C-bus controller 


The I?C-bus controller detects the I2?C-bus protocol, slave 
address, commands and display data bytes. It performs 
the conversion of the data input (serial-to-parallel) and the 
data output (parallel-to-serial). The PCF8578 acts as an 
l2C-bus slave transmitter/receiver in mixed mode, and as 
a slave receiver in row mode. A slave device cannot 
control bus communication. 


7.14 Input filters 


To enhance noise immunity in electrically adverse 
environments, RC low-pass filters are provided on the 
SDA and SCL lines. 
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7.15 RAM access 


RAM operations are only possible when the PCF8578 is 
in mixed mode. 


In this event its hardware subaddress is internally fixed at 
0000 and the hardware subaddresses of any PCF8579 
used in conjunction with the PCF8578 must start at 0001. 


There are three RAM ACCESS modes: 
e Character 

e Half-graphic 

e Full-graphic. 


These modes are specified by bits G1 to GO of the RAM 
ACCESS command. The RAM ACCESS command 
controls the order in which data is written to or read from 
the RAM (see Fig.10). 


To store RAM data, the user specifies the location into 
which the first byte will be loaded (see Fig.11): 


e Device subaddress (specified by the DEVICE SELECT 
command) 


e RAM X-address (specified by the LOAD X-ADDRESS 
command) 


e RAM bank (specified by bits Y1 and YO of the RAM 
ACCESS command). 


Subsequent data bytes will be written or read according to 
the chosen RAM ACCESS mode. Device subaddresses 
are automatically incremented between devices until the 
last device is reached. If the last device has 

subaddress 15, further display data transfers will lead to a 
wrap-around of the subaddress to 0. 


7.16 Display control 


The display is generated by continuously shifting rows of 
RAM data to the dot matrix LCD via the column outputs. 
The number of rows scanned depends on the multiplex 

rate set by bits M1 and MO of the SET MODE command. 


The display status (all dots on/off and normal/inverse 
video) is set by bits E1 and E0 of the SET MODE 
command. For bank switching, the RAM bank 
corresponding to the top of the display is set by bits 

Bi and BO of the SET START BANK command. This is 
shown in Fig.12. This feature is useful when scrolling in 
alphanumeric applications. 


7.17 TEST pin 
The TEST pin must be connected to Vgs. 
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Fig.10 RAM ACCESS mode. 
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Fig.11 Example of commands specifying initial data byte RAM locations. 
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OO C000 00, 
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GO -Or© 


OOO © 
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Fig.12 Relationship between display and SET START BANK; 1 : 32 multiplex rate and start bank = 2. 
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8 I2C-BUS PROTOCOL 


Two 7-bit slave addresses (0111100 and 0111101) are 
reserved for both the PCF8578 and PCF8579. The least 
significant bit of the slave address is set by connecting 
input SAO to either 0 (Vss) or 1 (Vpp). Therefore, two types 
of PCF8578 or PCF8579 can be distinguished on the 
same |2C-bus which allows: 


1. One PCF8578 to operate with up to 32 PCF8579s on 
the same |?C-bus for very large applications 


2. Theuse of two types of LCD multiplex schemes on the 
same |2C-bus. 


In most applications the PCF8578 will have the same slave 
address as the PCF8579. 


The !2C-bus protocol is shown in Fig.13. 

All communications are initiated with a start condition (S) 
from the I2C-bus master, which is followed by the desired 
slave address and read/write bit. All devices with this slave 
address acknowledge in parallel. All other devices ignore 
the bus transfer. 


In WRITE mode (indicated by setting the read/write bit 
LOW) one or more commands follow the slave address 
acknowledgement. The commands are also 
acknowledged by all addressed devices on the bus. 

The last command must clear the continuation bit C. 
After the last command a series of data bytes may follow. 
The acknowledgement after each byte is made only by the 
(AO, Ai, A2 and A3) addressed PCF8579 or PCF8578 
with its implicit subaddress 0. After the last data byte 

has been acknowledged, the I2C-bus master issues a stop 
condition (P). 
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In READ mode, indicated by setting the read/write bit 
HIGH, data bytes may be read from the RAM following the 
slave address acknowledgement. After this 
acknowledgement the master transmitter becomes a 
master receiver and the PCF8578 becomes a slave 
transmitter. The master receiver must acknowledge the 
reception of each byte in turn. The master receiver must 
signal an end of data to the slave transmitter, by not 
generating an acknowledge on the last byte clocked out of 
the slave. The slave transmitter then leaves the data line 
HIGH, enabling the master to generate a stop condition 


(P). 


Display bytes are written into, or read from, the RAM at the 
address specified by the data pointer and subaddress 
counter. Both the data pointer and subaddress counter are 
automatically incremented, enabling a stream of data to be 
transferred either to, or from, the intended devices. 


In multiple device applications, the hardware subaddress 
pins of the PCF8579s (AO to A3) are connected to Vss or 
Vpp to represent the desired hardware subaddress code. 
If two or more devices share the same slave address, then 
each device must be allocated a unique hardware 
subaddress. 
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all addressed by ies a a an 
W | PCF8578s / PCF8579s Selecte Ss 
oe ° PCF8579s only 


slave address 


slo i eo A RAL COMMAND A DISPLAY DATA se 


1 byte | n => 0 byte(s) —_ > 0 byte(s) 


orn 


update data pointers 
and if necessary, 
(a) MSA8B30 subaddress counter 


acknowledge by 
all addressed 
PCF8578s / PCF8579s 


acknowledge no acknowledge 
as oleae eee SS from master from master 


Lose = igs n ee es es byte | 


orn 


R/ I R - 
at this moment master 
transmitter becomes a update data pointers 
master receiver and © and if necessary 
PCF8578/PCF8579 slave subaddress counter 


receiver becomes a 
slave transmitter 


MSA832 


(b) 
acknowledge by 
all addressed acknowledge no acknowledge 
PCF8578s / PCF8579s from master from master 


ipa ae 


MSA831 = aes ened last bene 
R/W 


update data pointers 


and if necessary, 
(c) subaddress counter 


Fig.13 (a) Master transmits to slave receiver (WRITE mode); (b) Master reads after sending command string 


(WRITE commands; READ data); (c) Master reads slave immediately after sending slave address (READ 
mode). 
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8.1 Command decoder 


The command decoder identifies command bytes that MSB 
arrive on the I?C-bus. The most-significant bit of a 

command is the continuation bit C (see Fig.14). When this 
bit is set, it indicates that the next byte to be transferred will 


LSB 


REST OF OPCODE 


also be a command. If the bit is reset, it indicates the MSA833 
conclusion of the command transfer. Further bytes will be 

regarded as display data. Commands are transferred in C = 0; last command. 

WRITE mode only. 7 C = 1; commands continue. 


The five commands available to the PCF8578 are defined Fig.14 General information of command byte. 
in Tables 5 and 6. . 


Table 5 Summary of commands 


SeTMODE «|G 1 0 D DD DD |muliploxrate, deplay status, ystemype ‘| 
allowed; see SET START BANK opcode) —sy 


RAM ACCESS C 


LOAD X-ADDRESS C 


Note 
1. C@=command continuation bit. D = may be a logic 1 or 0. 
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Table 6 Definition of PCF8578/PCF8579 commands 


a 
SETMODE Tet EO Mi MG 


SET START BANK BO | see Table 10 | defines pointer to RAM bank 
7 corresponding to the top of the LCD; 


useful for scrolling, pseudo-motion and’ 
background preparation of new display 


DEVICE SELECT AO | see Table 11 ‘| four bits of immediate data, bits : 
. AO to A3, are transferred to the 
subaddress counter to define one of 
sixteen hardware subaddresses 


RAMACCESS > i oe YO | see Table 12 | defines the auto-increment behaviour of 
| | , : the address for RAM access 


see Table 13 | two bits of immediate data, bits YO to 
| Y1, are transferred to the. X-address 
| | pointer to define one of forty display 
RAM columns 


LOAD X-ADDRESS XS X4 X3 X2 - X0 | see Table 14 | six bits of immediate data, bits _ 
| | | X0 to X5, are transferred to the | 
X-address pointer to define one of forty 
| . display RAM columns 
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Table 7 Set mode option 1 


BITS 
LCD DRIVE MODE 


MUX (16 rows) 1 


MUX (24 rows) 
MUX (32 rows) 


1:32 


DISPLAY STATUS 


Table 9 Set mode option 3 
SYSTEM TYPE 


PCF8578 row only 
PCF8578 mixed mode 


START BANK POINTER 


Banko SSSC~dSCt 


: 
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Table 11 Device select option 1 


Decimal value 0 to 15 


[Decimal value 01018 | AS] AZ | AV | A 


RAM ACCESS MODE 


Note : 
1. See opcode for SET START BANK in Table 6. 


Table 13 Device select option 1 


DESCRIPTION BITS 


Decimal value 0 to 3 
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9 CHARACTERISTICS OF THE I2C-BUS 


The |2C-bus is for bidirectional, two-line communication — 
between different ICs or modules. The two lines are a _- 
serial data line (SDA) and a serial clock line (SCL) which 
must be connected to a positive supply via a pull-up 
resistor. Data transfer may be initiated only when the bus 
is not busy. 


9.1 ~—‘-Bit transfer 


One data bit is transferred during each clock pulse. | 
The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
at this moment will be interpreted as control signals. . 


9.2 Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not 
busy. A HIGH-to-LOW transition of the data line, while the 

clock is HIGH, is defined as the START condition (S). 

A LOW-to-HIGH transition of the data line while the clock 
is HIGH, is defined as the STOP condition (P). 


9.3 System configuration 


A device transmitting a message is a ‘transmitter’, a device 
receiving a message is the ‘receiver’. The device that 
controls the message flow is the 'master' and the devices 
which are controlled by the master are the 'slaves'. - 


9.4 Acknowledge 


The number of data bytes transferred between the start . 


‘and stop conditions from transmitter to receiver is 


unlimited. Each data byte of eight bits is followed by one 


acknowledge bit. The acknowledge bit is a HIGH level put 


on the bus by the transmitter, whereas the master 
generates an extra acknowledge related clock pulse. 

A slave receiver which is addressed must generate an 
acknowledge after the reception of each byte. Alsoa _ 
master must generate an acknowledge after the reception 
of each byte that has been clocked out of the slave 
transmitter. The device that acknowledges must pull down 
the SDA line during the acknowledge clock pulse, so that 
the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (Set-up and hold times 
must be taken into consideration). A master receiver must 
signal the end of a data transmission to the transmitter by 
not generating an acknowledge on the last byte that has 
been clocked out of the slave. In this event the transmitter 
must leave the data line HIGH to enable the master to © 
generate a stop condition. 


oe fT XN 


data line 
stable; 


data valid 


i. oa 


MBA607 


| | 
| change | 
| ofdata | 
| allowed | 


Fig.15 Bit transfer. 
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STOP condition 
MBA608 


MASTER SLAVE ee MASTER 
TRANSMITTER / TRANSMITTER / TRANSMITTER / 
RECEIVER RECEIVER RECEIVER TRANSMITTER RECEIVER 


MBA605 
Fig.17 System configuration. 


START clock pulse for 
condition acknowledgement 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT - 
BY RECEIVER MBA606 - 1 


The general characteristics and detailed specification of the 1@C-bus are available on request. 


Fig.18 Acknowledgement on the I#C-bus. 
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10 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


| 
(DC inputcurent («id * Oma 
io -[BC output curent ———SSSSCS~C~S~S~S~S~ «dm 
[Pex [total power dissipation perpackage ——=S~*~S~d=SC*~<CS*«~dt AOC 
— 


Po power dissipation per output 
storage temperature 


11 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe it is 
desirable to take normal precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC 12 
under “Handling MOS Devices”. 
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12 DC CHARACTERISTICS 
Vpp = 2.5 to 6 V; Vss = 0 V; Vicp = Vpp — 3.5 V to Vpp — 9 V; Tamb = —40 to +85 °C; unless otherwise specified. 


rsvweo| PARAMETER | —_conomons | wi. | Te | wax | UNT 


Logic 
IL LOW level input voltage 
HIGH level input voltage 
, 
j 


N 
on 


oO 


Vpp - 9 Vop — 3.5], V 


o;n 
= 


1.3 1.8 


0.3Vpp 


Vpp 


op) 
“” 


i 
as 


TIS 


0.7Vpp 


> 


V 

lout LOW level output current at SYNC VoL =1V; Vpp =5 V 
and CLK | 

lon1 HIGH level output current at SYNC | Vow = 4. V; Vpp = 5 V 
and CLK 


V 
LOW level output current at SDA Voit = 0.4 V; Vpp = 5 V 
Ib leakage current at SDA, SCL, SYNC, | Vj = Vpp or Vss 
CLK, TEST and SAO 


4 
Sia 
> 


ive) 
+ 
NO 


= 
oe) 


+20 


~ 


2 
o 
zx = 


LCD outputs 
RO to R7, R8/C8 to R31/C31 and 

Roo output resistance R8/C8 to R31/C31 | column mode; note 4 
and C32 to C39 


leakage current at OSC Vi = Vpp 
leakage current at Vo to V5 Vi = Vpp or Vicp 
Voc 
C32 to C39 
Notes 


input capacitance at SCL and SDA __—i| note 3 
DC component of LCD drivers 
Rrow output resistance RO to R7 and row mode; note 4 
R8/C8 to R31/C31 
1. Outputs are open; inputs at Vpp or Vsg; I?C-bus inactive; external clock with 50% duty factor. 


2. Resets all logic when Vpp < Vpor. 
3. Periodically sampled; not 100% tested. 
4 


Resistance measured between output terminal (RO to R7, R8/C8 to R31/C31 and C32 to C39) and bias input 
(Vo to Vs, Vpp and Vicp) when the specified current flows through one output under the following conditions 
(see Table 2): 


a) Vop = Vpp ios Vicp =Q9V. 
b) Row mode, RO to R7 and R8/C8 to R31/C31: Vo — Vicp 2 6.65 V; Vs — Vicp s 2.35 V; ILoap = 150 LA. 
c) Column mode, R8/C8 to R31/C31 and C32 to C39: V3 — Vicp = 4.70 V; V4 — Vicp < 4.30 V; ILoap = 100 PA. 
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13 AC CHARACTERISTICS 
All timing values are referenced to Vj and Vj, levels with an input voltage swing of Vss to Vpp. a 
Vop = 2.5 to 6 V; Vsg = 0 V; Vicp = Vpp — 3.5 V to Vpp — 9 V; Tamb = —40 to +85 °C; unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS TYP. 
| clock frequency at multiplex rates of Rosc = 330 kQ; Vpp = 6 V 2.1 
1:8,1:16and1:32 — | . 
clock frequency at multiplex rates of Rosc = 330 kQ; Vpp = 6 V 1.6 


Tesme | SYNC propagation delay — a aanaeA 


mw] 
O1 (ee) 


Ol 
2) 
o) 


tpLcp driver delays Vpp — Vicp = 9 V; 100 jus 
with test loads 
I2C-bus 
SCL clock frequency 100 
tsw tolerable spike width on bus 100 


bus free time 

start condition set-up time - 
start condition hold time » 
SCL LOW time 

SCL HIGH time 

SCL and SDA rise time 
SCL and SDA fall time 
data set-up time 

data hold time 

stop condition set-up time | 


& 
“J 


Ly — 
tN ho 


repeated start codes only 


De) 
aS 
RL 
or) 
= 
ro) 


oOo;— 
et) 
AINDINDIDI NI NI NDI NI NINO | T 
; N 


=a i: cin Peal i 
° ea o}|N 


U 


oa 3.3kQ 
SYNC, CLK —+{——}— 0.5 Vpp 


C39 to C32, 1 nF 
R31/C31 to R8/C8 —|}- 
and R7 to RO MSA829 


Fig.19 AC test loads. 
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t PSYNG ' PSYNC 


C39 to C32, 
R31/C31 to R8/C8 (Von -Vicn =9 V) 
and R7 to RO BD thee 


a PLC 


Fig.20 Driver timing waveforms. 


pk 


'HD;DAT tHIGH 'su;DAT 


MGA728 


Fig.21 |@C-bus timing waveforms. 
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Fig.22 Stand-alone application using 8 rows and 32 columns. 
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PCF8578: Segment Driver 
Application 
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one line of 12 digits star-burst 
(mux 1:16) 
Total: 384 segments 
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(Using 1:16 mux, the first C16 C17 
character data must be 
loaded in bank 0 and 1 
starting at byte number 16) 
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(1) Can be used for creating blinking characters. 


Fig.23 Segment driver application for up to 384 segments. 
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Fig.24 Typical LCD driver system with 1 : 32 multiplex rate. 
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Fig.25 Split screen application with 1 : 16 multiplex rate for improved contrast. 
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Fig.26 Split screen application with 1 : 32 multiplex rate. 
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Fig.27 Example of single plane wiring, single screen with 1 : 32 multiplex rate (PCF8578 in row driver mode). 
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15 CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


ly 
oO DS 42 a és 
Lu QO —_d I> OF Q (o> EE oo 9 GE 9? BE 9 
S E > a ie 3| gs cece ek « 


R5 


R6 
R7 


R8/C8 


&] [8] (8) (8) B&B 


R9/C9 


R10/C10 


R11/C11 


R12/C12 


R13/Ci3_ * 


[9] 


8] &) BI 


R14/C14 


R15/C15 
R16/C16 
R17/C17 
PCF8578 meee 
R19/C19 


R20/C20 
R21/C21 


R22/C22 


sl Be aB sl Be & & 


iS 
[=] 
S| 
Oo 
& 
—_, 


R29/C29 
R28/C28 
R27/C27 
R26/C26 
R25/C25 
R24/024 
R23/C23 


3.06nh ——S_ eS MBHS89 


Chip area: 14.93 mm?. 
Bonding pad dimensions: 120 um x 120 um. 
The numbers given in the small squares refer to the pad numbers. 


Fig.28 Bonding pad locations. 
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Table 15 Bonding pad locations (dimensions in um) 
All x/y coordinates are referenced to centre of chip, see Fig.28. 
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If inputs SAO and AO to A3 are left unconnected they are internally pulled to Vpp. 


Fig.29 Typical chip-on glass application (viewed from the underside of the chip). 
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1 FEATURES 2 APPLICATIONS 
e LCD column driver e Automotive information systems 


e Used in conjunction with the PCF8578, this device forms =e Telecommunication systems 
part of a chip set capable of driving up to 40960 dots e Point-of-sale terminals 


40 column outputs 

e Selectable multiplex rates; 1: 8,1: 16,1:240r1:32 
e Externally selectable bias configuration, 5 or 6 levels 
e Easily cascadable for large applications (up to 3. GENERAL DESCRIPTION 


eet: | The PCF8579 is a | CMOS LCD col dri 
sc e is a low power column driver, 
Meee O spi nny ToL Cisplay Galastolade designed to drive dot matrix graphic displays at multiplex 


e Computer terminals 
e Instrumentation. 


¢ Display memory bank switching rates of 1: 8, 1: 16, 1:24 or 1:32. The device has 
e Auto-incremented data loading across hardware 40 outputs and can drive 32 x 40 dots in a 32 row 
subaddress boundaries (with PCF8578) multiplexed LCD. Up to 16 PCF8579s can be cascaded 


and up to 32 devices may be used on the same |2C-bus 
(using the two slave addresses). The device is optimized 
Logic voltage supply range 2.5 to 6 V for use with the PCF8578 LCD row/column driver. 
e Maximum LCD supply voltage 9 V Together these two devices form a general purpose LCD 
e Low power consumption dot matrix driver chip set, capable of driving displays of up 
5 to 40960 dots. The PCF8579 is compatible with most 
° FC-bus interface microcontrollers and communicates via a two-line 
TTL/CMOS compatible bidirectional bus (12C-bus). To allow partial Vpp shutdown 
Compatible with most microcontrollers the ESD protection system of the SCL and SDA pins does 
not use a diode connected to Vpp. Communication 
overheads are minimized by a display RAM with 
auto-incremented addressing and display bank switching. 


e Power-on reset blanks display 


Optimized pinning for single plane wiring in multiple 
device applications (with PCF8578) 

Space saving 56-lead plastic mini-pack and 64-pin 
plastic low profile quad flat package 


Compatible with chip-on-glass technology 
l2C-bus address: 011110 SAO. 


4 ORDERING INFORMATION 


TYPE 

Es eee See 
[PorasreT | _vs056 [plastic very smal outine package: Séieads —=S~*~*~*~S~dSCT IO 
[pores7eu7 |__- _|ohipwith bumps ontape SS SSCSC~S~—~*~*~SSC 
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5 BLOCK DIAGRAM 


C39 - CO 


17 - 56 
(30 to 33, 35 to 64, 1 to 6) © 
VoD 12 (20) 
14 (22) 
V3 (1) 5 
; COLUMN 
V4 15 (23) DRIVERS PCF8579 


16 (24) 


Vicp 


6 (12) : oF we OUTPUT 
TEST | CONTROLLER 


5 (11) 


Vss_ 


Y DECODER 
AND SENSING 32 x 40 BIT DISPLAY 


AMPLIFIERS DISPLAY RAM DECODER 


pONErON . X DECODER 
ag 814) (9)3) 
A2 SUBADDRESS TIMING a 
fe COUNTER RAM DATA POINTER GENERATOR 
: Y x es 


SCL INPUT 12C-BUS _- COMMAND 
, 1 (7) FILTERS CONTROLLER DECODER 


SDA 
(15, 19, 21, 25 to 29, 34) 
13 
c SA 


MSA919 
n.c. 


0 


(1) Operates at LCD voitage levels, all other blocks operate at logic levels. 
The pin numbers given in parenthesis refer to the LQFP64 package. 


Fig.1 Block diagram. 
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DESCRIPTION 
VSO56 LQFP64 


Se l2C-bus serial data npUleuieut 


6 PINNING 


SYMBOL 


Or] | ® 


se 
a 
aca: aN 
0s votage 
Ce A 


Note 
1. Do not connect, this pin is reserved. 


sre 
aa 
A3 to AO 
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es] Ps] Ps fey pet [st is] IST sl fel fel [sl [S| 
wi, |o; [HR] [HRY] FR pf RP] JRE FR RP FRE So sour, Fou, fouy fo 
st st fe} ist [sl (el (sl (sl (st let (st t8t (2) is) tay tet le) (8) (8) lé) 18) (8) (St BS) (&) (st tel 8 
= 
—s 
rs 


MSA918 


Fig.2 Pin configuration (VSO56). 
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3) 18] }s} fe} [s) |S) Ps) Ue) |) |8) 3) Isl fs} fe) 13] [el 
c5{ 1 | @ 148 | C22 
c4| 2 47 | C23 
C3{ 3 46 | C24 
C2] 4) [45] C25 
C1| 5 144 | C26 
co| 6 | 43] C27 
SDA | 7. 42] C28 
SCL} 8 | 41| C29 
smela PCF8579 males 
CLK | 10] | 139] C31 
Vss [11 [38] C32 
TEST | 12| 137 | C33 
SAO 113 136] C34 
A3 | 14] 135) C35 
n.c. | 15] 34 | n.c. 
A2|16| |33| C36 


MBH590 


Ao | 18 
n.c. | 19] 
Vpp [20 
n.c. |21| 
V3 [22 
V4 [2a 
Vien [24 
n.c. | 25, 
n.c. |26 
n.c. |27| 
n.c. | 28| 
n.c. | 29] 
C39 | 30] 
C38 [31] 
C37 | 32| 


Fig.3 Pin configuration (LQFP64). 
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7 FUNCTIONAL DESCRIPTION 


The PCF8579 column driver is designed for use with the 
PCF8578. Together they form a general purpose LCD dot MSA838 
matrix chip set. 


Typically up to 16 PCF8579s may be used with one 
PCF8578. Each of the PCF8579s is identified by a unique 
4-bit hardware subaddress, set by pins AO to A3. 

The PCF8578 can operate with up to 32 PCF8579s when 
using two I2C-bus slave addresses. The two slave 
addresses are set by the logic level on input SAO. 


7.1 Multiplexed LCD bias generation 


The bias levels required to produce maximum contrast 
depend on the multiplex rate and the LCD threshold 
voltage (Vin). Vin is typically defined as the RMS voltage at 
_which the LCD exhibits 10% contrast. Table 1 shows the 
optimum voltage bias levels for the PCF8578/PCF8579 
chip set as functions of Vop (Vop = Vop — Vicp), together 
with the discrimination ratios (D) for the different multiplex 
rates. A practical value for Vop is obtained by equating 
Vofi(rms) With Vip. Figure 4 shows the first 4 rows of Table 1 Vbias = V2, Vs, V4, Vs. See Table 1. 
as graphs. 


(TPT TN 
lef ist | Ns is 
LUT TE TIE A 
Sie saRE Rie 


~ 
a 
aa 
= 
— 
pe 
= 
* 
cl 


multiplex rate 


Fig.4 Vbias/Vop as a function of the multiplex rate. 


Table 1 Optimum LCD bias voltages 


Sa AUETCE eras RATE 


7.2 Power-on reset 


At power-on the PCF8579 resets to a a defined starting 
condition as follows: 


Display blank (in conjunction with PCF8578) 
1 : 32 multiplex rate 

Start bank, 0 selected | 

Data pointer is set to X, Y address 0, 0 
Character mode 

Subaddress counter is set to 0 


0.739 | 0.800 |} 0.830 | 0.850 


Vo 

Ve 

V 

0.522 | 0.600 | 0.661 | 0.700 
op 

V 

op ; , : 

V : 

0.261 | 0.200 | 0.170 | 0.150 
op 

V 

ee 0.297 | 0.245 | 0.214 | 0.193 
V sang 

0.430 | 0.316 | 0.263 | 0.230 
D = _ottias) 1.447 | 1.291 | 1.230 | 1.196 

V off (rms) 
V 
ese 3.370 | 4.080 | 4.680 | 5.190. 
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l2C-bus is initialized. 


Data transfers on the I@C-bus should be avoided for 1 ms 
following power-on, to allow completion of the reset action. 
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Fig.5 LCD row/column waveforms. 
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-Vop MSA840 


Vetate 1 (t) =C1(t) -R1(t): general relationship (n = multiplex rate) 
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Vp Ve 6We-t) Vop n n(n +1) 
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Fig.6 LCD drive mode waveforms for 1 : 8 multiplex rate. 
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Fig.7 LCD drive mode waveforms for 1 : 16 multiplex rate.sa. 
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7.3. Timing generator 


The timing generator of the PCF8579 organizes the 
internal data flow from the RAM to the display drivers. 

An external synchronization pulse SYNC is received from 
the PCF8578. This signal maintains the correct timing 
relationship between cascaded devices. 


7.4 Column drivers 


Outputs CO to C39 are column drivers which must be 
connected to the LCD. Unused outputs should be left 
open-circuit. 


7.5 Display RAM 


The PCF8579 contains a 32 x 40-bit static RAM which 
stores the display data. The RAM is divided into 4 banks of 
40 bytes (4 x 8 x 40 bits). During RAM access, data is 
transferred to/from the RAM via the I2C-bus. 


7.6 Data pointer 


The addressing mechanism for the display RAM is 
realized using the data pointer. This allows an individual 
data byte ora series of data bytes to be written into, or read 
from, the display RAM, controlled by commands sent on 
the I2C-bus. 


7.7 Subaddress counter 


The storage and retrieval of display data is dependent on 
the content of the subaddress counter. Storage and 
retrieval take place only when the contents of the 
subaddress counter agree with the hardware subaddress 
at pins AO, A1, A2 and A3. 


7.8  |?C-bus controller 


The |2C-bus controller detects the I2C-bus protocol, slave 
address, commands and display data bytes. It performs — 
the conversion of the data input (serial-to-parallel) and the 
data output (parallel-to-serial). The PCF8579 acts as an 
l2C-bus slave transmitter/receiver. Device selection 
depends on the I?C-bus slave address, the hardware 
subaddress and the commands transmitted. 


7.9 Input filters 


To enhance noise immunity in electrically adverse 
environments, RC low-pass filters are provided on the 
SDA and SCL lines. 
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7.10 RAM access 


There are three RAM ACCESS modes: 

e Character 

e Half-graphic 

e Full-graphic. 

These modes are specified by bits G1 and GO of the RAM 
ACCESS command. The RAM ACCESS command 


controls the order in which data is written to or read from 

the RAM (see Fig.8). 

To store RAM data, the user specifies the location into 

which the first byte will be loaded (see Fig.9): 

e Device subaddress (specified by the DEVICE SELECT 
command) 

e RAM X-address (specified by the LOAD X-ADDRESS 
command) 

e RAM bank (specified by bits Y1 and YO of the RAM 
ACCESS command). 


Subsequent data bytes will be written or read according to 


-the chosen RAM access mode. Device subaddresses are 


automatically incremented between devices until the last 
device is reached. If the last device has subaddress 15, 
further display data transfers will lead to a wrap-around of 
the subaddress to 0. 


7.11 Display control 


The display is generated by continuously shifting rows of 
RAM data to the dot matrix LCD via the column outputs. 
The number of rows scanned depends on the multiplex 

rate set by bits M1 and MO of the SET MODE command. 


The display status (all dots on/off and normal/inverse 
video) is set by bits E1 and EO of the SET MODE 
command. For bank switching, the RAM bank 
corresponding to the top of the display is set by bits 

B1 and BO of the SET START BANK command. This is 
shown in Fig.10 This feature is useful when scrolling in 
alphanumeric applications. 


7.12 TEST pin 
The TEST pin must be connected to Vss. 
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Fig.8 RAM access mode. 
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Fig.10 Relationship between display and SET START BANK; 1 : 32 multiplex rate and start bank = 2. 
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8 C-BUS PROTOCOL 


Two 7-bit slave addresses (0111100 and 0111101) are 
reserved for both the PCF8578 and PCF8579. The least 
significant bit of the slave address is set by connecting 
input SAO to either logic 0 (Vss) or logic 1 (Vpp). 
Therefore, two types of PCF8578 or PCF8579 can be 
distinguished on the same |2C-bus which allows: 


1. One PCF8578 to operate with up to 32 PCF8579s on 
the same |?C-bus for very large applications. 


ho 


The use of two types of LCD multiplex schemes on the 
same |@C-bus. 


In most applications the PCF8578 will have the same slave 
address as the PCF8579. 


The I2C-bus protocol is shown in Fig.11. 

All communications are initiated with a start condition (S) 
from the I?C-bus master, which is followed by the desired 
slave address and read/write bit. All devices with this slave 
address acknowledge in parallel. All other devices ignore 
the bus transfer. 


_In WRITE mode (indicated by setting the read/write bit 
LOW) one or more commands follow the slave address 
acknowlegement. The commands are also acknowledged 
by all addressed devices on the bus. 

The last command must clear the continuation bit C. After 
the last command a series of data bytes may follow. 

The acknowlegement after each byte is made only by the 
(AO, A1, A2 and A3) addressed PCF8579 or PCF8578 
with its implicit subaddress 0. After the last data byte has 
been acknowledged, the I?C-bus master issues a stop 

condition (P). 
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In READ mode, indicated by setting the read/write bit 
HIGH, data bytes may be read from the RAM following the 
slave address acknowlegement. After this 
acknowlegement the master transmitter becomes a 
master receiver and the PCF8579 becomes a slave 
transmitter. The master receiver must acknowledge the | 


reception of each byte in turn. The master receiver must 


signal an end of data to the slave transmitter, by not 


generating an acknowledge on the last byte clocked out of 


the slave. The slave transmitter then leaves the data line 
HIGH, enabling the master to generate a stop 
condition (P). | 


Display bytes are written into, or read from, the RAM at the 
address specified by the data pointer and subaddress 
counter. Both the data pointer and subaddress counter are 
automatically incremented, enabling a stream of data to be 
transferred either to, or from, the intended devices. 


In multiple device applications, the hardware subaddress 
pins of the PCF8579s (AO to A3) are connected to Vss or 
Vpp to represent the desired hardware subaddress code. 
If two or more devices share the same slave address, then 
each device must be allocated a unique hardware 
subaddress. 
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Fig.11 (a) Master transmits to slave receiver (WRITE mode); (b) Master reads after sending command string 


(WRITE commands; READ data); (c) Master reads slave immediately after sending slave address (READ 
mode). 
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8.1. Command decoder 


The command decoder identifies command bytes that LSB 
arrive on the I?C-bus. The most significant bitofa —-— = 
command is the continuation bit C (see Fig.12). When this 

_ bitis set, it indicates that the next byte to be transferred will | ae : 3 
also be a command. If the bit is reset, it indicates the 
conclusion of the command transfer. Further bytes will be 
regarded as display data. Commands are transferred in 
WRITE mode only. | | 


The five commands available to the PCF8579 are defined — Fig.12 General format of command byte. 
in Tables 2 and 3. . 


C = 0; last command. 
C = 1; commands continue. 


Table 2 Summary of commands 


| COMMAND) DESCRIPTION 
[Setwooe 


| RAM ACCESS 


: see SET START BANK opcode) 


LOAD X-ADDRESS C 0 D DD D D OD i'([O0to39 


a Note 


~1.. @=command continuation bit. D = may be a logic 1 or 0. 
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Table 3. Definition of PCF8578/PCF8579 commands 


COMMAND OPCODE OPTIONS DESCRIPTION 


SET MODE G. Al O TT E1 EO M1 MO!see Table 4_ | defines LCD drive mode 
see Table 5 | defines display status 
| see Table 6 | defines system type 
SET START BANK ;C 1 1 1 = =141 = +1 ~~ +&2B1 BO |see Table 7 | defines pointer to RAM bank 
| corresponding to the top of the LCD; 
useful for scrolling, pseudo motion and 
background preparation of new display 
DEVICE SELECT C 1 1 O A838 A2 At1 AO |see Table 8 | four bits of immediate data, bits 
AO to A&, are transferred to the 
| subaddress counter to define one of 
| sixteen hardware subaddresses 


RAM ACCESS G1 GO Y1 YO 1]see Table 9 | defines the auto-increment behaviour of 
the address for RAM access 


see Table 10 | two bits of immediate data, bits YO to Y1, 
are transferred to the X-address pointer 
| to define one of forty display RAM 
columns 
LOAD X-ADDRESS | C 


X3 X2 X1 XO six bits of immediate data, bits XO to X5, 
are transferred to the X-address pointer 
to define one of forty display RAM 


columns 


see Table 11 
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Table 4 Set mode option 1 


LCD DRIVE MODE — 


1:16 | MUX (16 rows) 
MUX (24 rows) 
MUX (82 rows) 


1:8 [MUX( Brows) _| 
ie 


Table 5 Set mode option 2 


DISPLAY STATUS 


Blank | 


Normal 
Allsegments on — 
Inverse video — | 


Table 6 Set mode option 3 


SYSTEM TYPE 
PCF8578 row only. . 
PCF8578 mixed mode 


START BANK POINTER 


[BankO 
Bank? 
Bank? 
[Bank3 
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Table 8 Device selectoption1 — - 


1 


1. See opcode for SET START BANK in Table 3. 
1 


Table 10 RAM access option 2 


DESCRIPTION BITS 
| Decimal value of 0 to 3 


Table 11 Load X-address option 1 


[Decimal value of Oto 38 [x5 [xa [xa x2 [a [XO 


1 
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9 CHARACTERISTICS OF THE I2C-BUS 


The I2C-bus is for bidirectional, two-line communication 
between different ICs or modules. The two lines are a 
serial data line (SDA) and a serial clock line (SCL) which 
must be connected to a positive supply via a pull-up 
resistor. Data transfer may be initiated only when the bus 
is not busy. 


9.1 Bit transfer 


One data bit is transferred during each clock pulse. 
The data on the SDA line must remain stable during the 
HIGH period of the clock pulse as changes in the data line 
_at this moment will be interpreted as control signals. 


9.2 Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not 
busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH, is defined as the start condition (S). 

A LOW-to-HIGH transition of the data line while the clock 
is HIGH, is defined as the stop condition (P). 


9.3. System configuration 


A device transmitting a message is a ‘transmitter’, a device 
receiving a message is the ‘receiver’. The device that 
controls the message flow is the ‘master’ and the devices 
which are controlled by the master are the ‘slaves’. 


data line 
stable; 
data valid 


9.4 Acknowledge 


The number of data bytes transferred between the start 
and stop conditions from transmitter to receiver is 
unlimited. Each data byte of eight bits is followed by one 
acknowledge bit. The acknowledge bit is a HIGH level put 
on the bus by the transmitter, whereas the master 
generates an extra acknowledge related clock pulse. 

A slave receiver which is addressed must generate an 
acknowledge after the reception of each byte. Also a 
master must generate an acknowledge after the reception 
of each byte that has been clocked out of the slave 
transmitter. The device that acknowledges must pull down 
the SDA line during the acknowledge clock pulse, so that 
the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times 
must be taken into consideration). A master receiver must 
signal the end of a data transmission to the transmitter by 
not generating an acknowledge on the last byte that has 
been clocked out of the slave. In this event the transmitter 
must leave the data line HIGH to enable the master to 
generate a stop condition. 


| | 
| change | 
| of data | 
| allowed | 


MBA607 


Fig.13 Bit transfer. 
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Le ee 


' START condition om STOP condition 


___ Fig.14 Definition of start and stop condition. 


MASTER SLAVE 


MASTER 
TRANSMITTER / TRANSMITTER / 


Fig.15 System configuration. 


 PCF8579 


MBA608 


MASTER ° 
TRANSMITTER / 
RECEIVER 


MBA605 


START clock pulse for 
condition acknowledgement 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT ae \ / 
BY RECEIVER MBAG6O6E - 1 


The general characteristics and detailed specification of the I@C-bus are available on request. 


Fig.16 Acknowledgement on the I@C-bus. 
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10 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER | MIN, 
supply voltage +8.0 
Vico [LCD supply volage 


input voltage pins SDA, SCL, SYNC, CLK, TEST, SAO, AO, | Vss — 0.5 Vpp + 0.5 | V 
A1, A2 and A3 


; | 
[Vor | 
| 


fig [BC outputourent ———S~S~SAOSS~«*dOS*dm 
[P, [power dissipation per output ——SSCSC~S~S~— 


11. HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe it is 
desirable to take normal precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC 12 
under “Handling MOS Devices”. 
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12 DC CHARACTERISTICS Ue x 
Vpp = 2.5 to 6 V; Vss = 0 V; Vicp = Vpp — 3.5 V to Vpp — 9 V3. Tamb = —40 to +85 °C; unless otherwise specified. 


| SYMBOL PARAMETER CONDITIONS | MIN, | TYP. | MAX. — UNIT 
Supplies | a 
oo [nel vo EN (NN 

CL ae nea 


She 
Oo 
| 
oo 
o1 
c 


Ip | supply current fcLk = 2 kHz; note 1 


Logic | 7 | 


li leakage current at pins SDA, SCL, V;=Vpp or Vss | 
SYNC, CLK, TEST, SAO, AO, Ai, A2 | 
and A3 


IL 
IH 
LOW level output current at pin SDA Vo. = 0.4 V; Vpp = 5 V 
Ci 
2 


> 


LCD outputs 


Voc DC component of LCD drivers pins +20 
CO to C39 — | 
output resistance at pins CO to C39 Inote4 = 3 


Notes 


‘ 


= 


1. Outputs are open; inputs at Vpp or Vsg; I?C-bus inactive; clock with 50% duty factor. 
2. Resets all logic when Vpp < Vpor. 

3. Periodically sampled; not 100% tested. 

4 


Resistance measured between output terminal (CO to C39) and bias input (V3, V4, Vpp and Vicp) when the specified 
current flows through one output under the following conditions (see Table 1): 


a) — Vop = Von — Vicp = 9 V; 
b) — V3 - Vicp 2 4.70 V; V4 — Vicp < 4.30 V; ILoap = 100 LA. 
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13 AC CHARACTERISTICS 
All timing values are referred to Vi and Vj, levels with an input voltage swing of Vss to Vpp. 
Vop = 2.5 to 6 V; Vssg = 0 V; Vicp = Vpp — 3.5 V to Vpp — 9 V; Tamb = —40 to +85 °C; unless otherwise specified. 


Note 
1. Typically 0.9 to 3.3 kHz. 


1.5kQ 
SDA —~__}— Vpp 


(2%) 


CO to C39 nF 
ab 


MSA916 


Fig.17 AC test loads. 
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Fig.18 Driver timing waveforms. 
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Fig.19 |@C-bus timing waveforms. 
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Fig.20 Typical LCD driver system with 1 : 32 multiplex rate. 
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Fig.21 Split screen application with 1 : 16 multiplex rate for improved contrast. 
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Fig.22 Split screen application with 1 : 32 multiplex rate. 
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Fig.23 Example of single plane wiring, single screen with 1 : 32 multiplex rate (PCF8578 in row driver mode). 
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15 CHIP DIMENSIONS AND BONDING PAD LOCATIONS 
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3.02 mm MSA920 


Chip area: 14.37 mm2. 

Bonding pad dimensions: 120 um x 120 um. 

Gold bump dimensions (if ordered): 94 x 94 x 25 um. 

The numbers given in the square boxes refer to the pad number. 


Fig.24 Bonding pad locations. 
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Table 12 Bonding pad locations (dimensions in wm) 
All x/y coordinates are referenced to centre of chip, see Fig.24. 
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a ae 
a ae 
ae sal 
eee al 
ea eee 
feat acd 
are eee 
a ee 
a ae ae aa ae 

25 to 29, 34 
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© PCF8578 © © | | © 


CO. ee © pores7a 


LCD 
DISPLAY 


If inputs SAO and AO to A3 are left unconnected they are internally pulled-up to Vpp. 


Fig.25 Typical chip-on glass application (viewed from underside of chip). 
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1 FEATURES 2 GENERAL DESCRIPTION 


l2C-bus interface operating supply voltage: 2.5 Vto6V The PCF8583 is a clock/calendar circuit based on a 
° Clock operating supply voltage (0 to +70 °C): 2048-bit static CMOS RAM organized as 256 words by 

10Vto60V 8 bits. Addresses and data are transferred serially via the 

two-line bidirectional |@C-bus. The built-in word address - 
© 240 x 8-bit low-voltage RAM register is incremented automatically after each written or 
e Data retention voltage: 1.0Vto6V. --_- read data byte. Address pin AO is used for programming 
e Operating current (at fgc. = 0 Hz): max. 50 pA | the hardware address, allowing the connection of two 
- 7 devices to the bus without additional hardware. 


e Clock function with four year calendar 
e Universal timer with alarm and overflow indication 
e 24 or 12 hour format 


~The built-in 32.768 kHz oscillator circuit and the first 
8 bytes of the RAM are used for the clock/calendar and 
counter functions. The next 8 bytes may be programmed 
e 32.768 kHz or 50 Hz time base as alarm registers or used as free RAM space. 
e Serial input/output bus (I2C) The remaining 240 bytes are free RAM locations. 


e Automatic word address incrementing 
Programmable alarm, timer and interrupt function 


Slave address: 
— READ: A1 or A3 
— WRITE: AO or A2. 


3 QUICK REFERENCE DATA | 


- SYMBOL PARAMETER CONDITION 


MIN, 

Vpp supply voltage operating mode 

fm perenne’ fromeiacke [ra 

‘loo | supply current operating mode ___—(fear=100KHz 
supply current clock mode fsc. = 0 HZ; Vpp = 5 V 

Tame ___| operating ambient temperature range | AO 

Teg [storage temperaturerange | 


4 ORDERING INFORMATION 


TYPE PACKAGE 
plastic dual in-line package; 8 leads (300 mil) 
plastic small outline package; 8 leads; body width 7.5 mm 


~40 
65 
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5 BLOCK DIAGRAM 


DIVIDER 
PCF8583 1-256 100 Hz 


OSCILLATOR 
2 OR 


POWER-ON 


INTERFACE th 


REGISTER 
(240 x 8) 


MRBOO1 


Fig.1 Block diagram. 


6 PINNING 
DESCRIPTION 


oscillator input, 50 Hz or event-pulse 
input 


[vss | 4 [negative supply 
[SoA | [serial dataine 
[sc. | 6 |serial clocking 


MRB014 


INT 7 | open drain interrupt output (active 
LOW) 


Vpp positive supply 


Fig.2 Pinning diagram. 
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7 FUNCTIONAL DESCRIPTION 


The PCF8583 contains a 256 by 8-bit RAM with an 8-bit 
auto-increment address register, an on-chip 32.768 kHz 
oscillator circuit, a frequency divider, a serial two-line 


bidirectional I2C-bus interface and a power-on reset circuit. 


The first 16 bytes of the RAM (memory addresses 

00 to OF) are designed as addressable 8-bit parallel 
special function registers. The first register (memory 
address 00) is used as a control/status register. 

The memory addresses 01 to 07 are used as counters for 
the clock function. The memory addresses 08 to OF may 
be programmed as alarm registers or used as free RAM 
locations, when the alarm is disabled. 


7.1. Counter function modes 


When the control/status register is programmed, a 
32.768 kHz clock mode, a 50 Hz clock mode or an 
event-counter mode can be selected. 


In the clock modes the hundredths of a second, seconds, 
minutes, hours, date, month (four year calendar) and 
weekday are stored in a BCD format. The timer register 
stores up to 99 days. The event counter mode is used to 
count pulses applied to the oscillator input (OSCO left 
open-circuit). The event counter stores up to 6 digits of 
data. 


When one of the counters is read (memory locations 

01 to 07), the contents of all counters are strobed into 
capture latches at the beginning of a read cycle. Therefore, 
faulty reading of the count during a carry condition is 
prevented. 


When a counter is written, other counters are not affected. 


7.2 Alarm function modes 


. By setting the alarm enable bit of the control/status register 
the alarm control register (address 08) is activated. 


By setting the alarm control register a dated alarm, a daily 
alarm, a weekday alarm or a timer alarm may be 
programmed. In the clock modes, the timer register 
(address 07) may be programmed to count hundredths of 
a second, seconds, minutes, hours or days. Days are 
counted when an alarm is not programmed. 
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Whenever an alarm event occurs the alarm flag of the 
control/status register is set. A timer alarm event will set 
the alarm flag and an overflow condition of the timer will set 
the timer flag. The open drain interrupt output is switched 
on (active LOW) when the alarm or timer flag is set 
(enabled). The flags remain set until directly reset by a 


write operation. 


When the alarm is disabled (Bit 2 of control/status 


_register = 0) the alarm registers at addresses 08 to OF 


may be used as free RAM. 


7.3 Control/status register 


The control/status register is defined as the memory 
location 00 with free access for reading and writing via the 
I2C-bus. All functions and options are controlled by the 
contents of the control/status register (see Fig.3). 


7.4 Counter registers 


In the clock modes 24 h or 12 h format can be selected by 
setting the most significant bit of the hours counter 
register. The format of the hours counter is shown in Fig.5. 


The year and date are packed into memory location 05 
(see Fig.6). The weekdays and months are packed into 
memory location 06 (see Fig.7). When reading these 
memory locations the year and weekdays are masked out 
when the mask flag of the control/status register is set. 
This allows the user to read the date and month count 
directly. | 


In the event-counter mode events are stored in BCD 
format. D5 is the most significant and DO the least 
significant digit. The divider is by-passed. 


In the different modes the counter registers are 
programmed and arranged as shown in Fig.4. Counter 


cycles are listed in Table 1. | 
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MSB LSB 
7 memory location 00 
reset state: 0000 0000 


timer flag (50% duty factor 
seconds flag if alarm 
enable bit is 0) 


alarm flag (50% duty factor 
minutes flag if alarm 
enable bit is 0) 


alarm enable bit: 

Q alarm disabled: flags toggle 
alarm control register disabled 
(memory locations 08 to OF 

are free RAM space) 

enable alarm control register 
(memory location 08 is the 
alarm control register) 


mask flag: 

0 _—read locations 05 to 06 
unmasked 

1 read date and month count 
directly 


function mode : 

00 clock mode 32.768 kHz 
01 clock mode 50 Hz 

10 event-counter mode 

11 test modes 


hold last count flag : 

0 count 

1 store and hold last count in 
capture latches 


stop counting flag : 
MRBO17 0 count pulses 
1 stop counting, reset divider 


Fig.3 Control/status register. 
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hundredth of a second 
1/10s 1/100 s 
seconds 
10s 1s DS b2 
minutes 
10 min 1 min D5 D4 
hours 
10h 1h 
year/date 
10 day 1 day 
weekday/month 
10 month 1 month 
timer timer 
10 day | 1 day T 


control/status control/status 
D1 


free 
free 


free 


alarm control alarm control 


‘hundredth of a second alarm alarm 
1/10s 1/100 s D1 DO 


alarm seconds 
D3 D2 


alarm minutes 


alarm hours 
. free 


alarm date 
free 
alarm month free 
alarm timer alarm timer 


D5 D4 


free RAM free RAM 


CLOCK MODES EVENT COUNTER 
MRBO15 


Fig.4 Register arrangement. 
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memory location 04 (hours counter) 
reset state: 0000 0000 


unit hours BCD 

ten-hours (0 to 2 binary) 

AM/PM flag: 
0 AM 
1 PM 

ie ee he. OMMAL 
MRB002 0 24h format, AM/PM flag 
remains unchanged 


1 12h format, AM/PM flag 
will be updated 


Fig.5 Format of the hours counter. 


memory location 05 (year/date) 
reset state: 0000 0001 


unit hours BCD 
ten days (0 to 3 binary) 


year (0 to 3 binary, read as 0 if 
the mask flag is set) 


MRB003 


Fig.6 Format of the year/date counter. 


MSB LSB 
eee: ee ee 
| reset state: 0000 0001 
Ede unit months BCD 


ten months 


weekdays (0 to 6 binary, read as 0 if 
the mask flag is set) 


MRBO04 


Fig.7 Format of the weekdays/month counter. 
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Table 1 Cycle length of the time counters, clock modes 


UNIT 


Hours (12 h) 12 AM 
01 AM to 11 AM 
12 PM 
01 PM to 11 PM 
Date 01 to 31 
01 to 30 
01 to 29 : 
01 to 28 


| Weekdays 0to6 


7.5 Alarm control register 


When the alarm enable bit of the control/status register is 
set (address 00, bit 2) the alarm control register (address 
08) is activated. All alarm, timer, and interrupt output 
functions are controlled by the contents of the alarm 
control register (see Fig.8). 


7.6 Alarm registers 


All alarm registers are allocated with a constant address 
offset of hexadecimal 08 to the corresponding counter 
registers (see Fig.4, Register arrangement). 
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COUNTING CYCLE _ 


99 to 00 
59to00 
59 to 00 
23 to 00 


11 PM to 12 AM 
31 to 01 
30 to 01 
29 to 01 
28 to 01 
12 to 01 


6 to 0 
no carry | 


CARRY TO NEXT UNIT 


CONTENTS OF THE 
MONTH COUNTER 


An alarm signal is generated when the contents of the 
alarm registers matches bit-by-bit the contents of the 
involved counter registers. The year and weekday bits are 
ignored in a dated alarm. A daily alarm ignores the month 
and date bits. When a weekday alarm is selected, the 
contents of the alarm weekday/month register will select 
the weekdays on which an alarm is activated (see Fig.9). 


Remark: In the 12 h mode, bits 6 and 7 of the alarm hours 
register must be the same as the hours counter. 
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memory location 08 
reset state: 0000 0000 


timer function : 


000 = notimer 
001 hundredths of a second 
010 seconds 
011 minutes 
100 hours 
101 days 
110 notused 
111 test mode, all counters 
in parallel (factory use only) 


timer interrupt enable : 


0 timer flag, no interrupt 
1 timer flag, interrupt 


clock alarm function : 


no clock alarm 
daily alarm 
weekday alarm 
dated alarm 


timer alarm enable : 


0 no timer alarm 
1 timer alarm 


alarm interrupt enable : 


MBO (valid only when ‘alarm enable’ in 
control / status register is set 


0 alarm flag, no interrupt 
1 alarm flag, interrupt 


Fig.8 Alarm control register; clock mode. 
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net eed seen ety 


MRB006 
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memory location OE (alarm weekday / month) 


weekday 0 enabled when set 
weekday 1 enabled when set 
weekday 2 enabled when set 
weekday 3 enabled when set 
weekday 4 enabled when set 
weekday 5 enabled when set 
weekday 6 enabled when set 


not used 


Fig.9 Selection of alarm weekdays. 


7.7 Timer 


_The timer (location 07) is enabled by setting the 
control/status register = XXOX X1XX. The timer counts up 
from 0 (or a programmed value) to 99. On overflow, the 
timer resets to 0. The timer flag (LSB of control/status 
register) is set on overflow of the timer. This flag must be 
reset by software. The inverted value of this flag can be 

transferred to the external interrupt by setting bit 3 of the 
alarm control register. 


Additionally, a timer alarm can be programmed by setting 
the timer alarm enable (bit 6 of the alarm control register). 
When the value of the timer equals a pre-programmed 
value in the alarm timer register (location OF), the alarm 
flag is set (bit 1 of the control/status register). The inverted 
value of the alarm flag can be transferred to the external 
interrupt by enabling the alarm interrupt (bit 6 of the alarm 
control register). 


Resolution of the timer is programmed via the 3 LSBs of 
the alarm control register (see Fig.11, Alarm and timer 
Interrupt logic diagram). 


7.8 Event counter mode 


Event counter mode is selected by bits 4 and 5 which are 
logic 1, 0 in the control/status register. The event counter 
mode is used to count pulses externally applied to the 
oscillator input (OSCO left open-circuit). 
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The event counter stores up to 6 digits of data, which are 
stored as 6 hexadecimal values located in locations 1, 2, 
and 3. Thus, up to 1 million events may be recorded. 


An event counter alarm occurs when the event counter 
registers match the value programmed in locations 9, A, 
and B, and the event alarm is enabled (bits 4 and 5 which 
are logic 0, 1 in the alarm control register). In this event, 
the alarm flag (bit 1 of the control/status register) is set. 
The inverted value of this flag can be transferred to the 
interrupt pin (pin 7) by setting the alarm interrupt enable in 
the alarm control register. In this mode, the timer 
(location 07) increments once for every one, one-hundred, 
ten thousand, or 1 million events, depending on the value 
programmed in bits 0, 1 and 2 of the alarm control register. 
In all other events, the timer functions are as in the clock 
mode. | 


7.9 Interrupt output 


The conditions for activating the open-drain n-channel 
interrupt output INT (active LOW) are determined by 
appropriate programming of the alarm control register. 
These conditions are clock alarm, timer alarm, timer 
overflow, and event counter alarm. An interrupt occurs 
when the alarm flag or the timer flag is set, and the 
corresponding interrupt is enabled. In all events, the 
interrupt is cleared only by software resetting of the flag 
which initiated the interrupt. 
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Ears EARS 
ee 


MRB007 
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LSB 


memory location 08 
reset state: 0000 0000 


timer function : 


000 ~=no timer 

001 units 

010 £100 

011 10 000 

100 1000000 

101 not allowed 

110 not allowed 

111 test mode, all counters 
in parallel 


timer interrupt enable : 


0 timer flag, no interrupt 
1 timer flag, interrupt 


clock alarm function : 


00 no event alarm 
01 event alarm 
10 not allowed 
11 not allowed 


timer alarm enable : 


0 no timer alarm 
1 timer alarm 
alarm interrupt enable : 


0 alarm flag, no interrupt 
1 alarm flag, interrupt 


Fig.10 Alarm control register, event-counter mode. 


In the clock mode, if the alarm enable is not activated 
(alarm enable bit of control/status register is logic 0), the 
interrupt output toggles at 1 Hz with a 50% duty cycle (may 
be used for calibration). This is the default power-on state 
of the device. The OFF voltage of the interrupt output may 
exceed the supply voltage, up to a maximum of 6.0 V. 

A logic diagram of the interrupt output is shown in Fig.11. 


7.10 Oscillator and divider 


A 32.768 kHz quartz crystal has to be connected to OSCI 
(pin 1) and OSCO (pin 2). A trimmer capacitor between 
OSCI and Vpp is used for tuning the oscillator (see quartz 
frequency adjustment). A 100 Hz clock signal is derived 
from the quartz oscillator for the clock counters. 


In the 50 Hz clock mode or event-counter mode the 
oscillator is disabled and the oscillator input is switched to 
a high impedance state. 
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This allows the user to feed the 50 Hz reference frequency 
or an external high speed event signal into the input OSCI. 


7.11 = Initialization 


When power-up occurs the |2C-bus interface, the 
control/status register and all clock counters are reset. 
The device starts time-keeping in the 32.768 kHz clock 
mode with the 24 h format on the first of January at 
0.00.00: 00. A 1 Hz square wave with 50% duty cycle 
appears at the interrupt output pin (starts HIGH). 


It is recommended to set the stop counting flag of the 
control/status register before loading the actual time into 
the counters. Loading of illegal states may lead to a 
temporary clock malfunction. 


543 


‘Philips Semiconductors | _ Product specification 


Clock/calendar with 240 x 8-bit RAM = | 8  PCF8583 


MUX 


oscillator 
mode 


select 


counter 


CLOCK/CALENDAR 


control : 


eS 


timer 
alarm overflow control 


alarm 
control 


CONTROL/STATUS 
REGISTER ‘") CONTROL 
_ REGISTER 
alarm timer overflow a | 
interrupt interrupt . 
_ MBD818 


(1) If the alarm enable bit of the control/status register is reset (logic 0); a 1 Hz signal can be observed on the interrupt pin INT. 


Fig.11 Alarm and timer interrupt logic diagram: © 
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8 CHARACTERISTICS OF THE I?C-BUS 


The I2C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data 
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data 
transfer may be initiated only when the bus is not busy. 


8.1 Bit transfer (see Fig. 12) 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period 
of the clock pulse as changes in the data line at this time will be interpreted as a control signal. 


| | 
data line | change | 
stable; | of data | 
data valid | allowed | MBC621 


Fig.12 Bit transfer. 


8.2 Start and stop conditions (see Fig.13) 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is 
defined as the stop condition (P). 


START condition STOP condition MBC622 


Fig.13 Definition of start and stop conditions. 
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8.3 System configuration (see Fig.14) 


A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls 
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’. 


TRANSMITTER / 


RECEIVER RECEIVER 


SLAVE 


TRANSMITTER / 
RECEIVER 


MASTER 
MASTER 
TRANSMITTER / 
TRANSMITTER RECEIVER 


MBA605 


Fig.14 System configuration. 


8.4 Acknowledge (see Fig.15) 


The number of data bytes transferred between the start 
and stop conditions from transmitter to receiver is 
unlimited. Each byte of eight bits is followed by an 
acknowledge bit. The acknowledge bit is a HIGH level 
signal put on the bus by the transmitter during which time 
the master generates an extra acknowledge related clock 
pulse. A slave receiver which is addressed must generate 
an acknowledge after the reception of each byte. Also a 
master receiver must generate an acknowledge after the 
reception of each byte that has been clocked out of the 
slave transmitter. 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


SCL FROM 
MASTER | | 


LS | 
START 
CONDITION 


The device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times 
must be taken into consideration). A master receiver must 
signal an end of data to the transmitter by not generating 
an acknowledge on the last byte that has been clocked out 
of the slave. In this event the transmitter must leave the 
data line HIGH to enable the master to generate a stop 
condition. 


not acknowledge 


ee ae 
| 


acknowledge 


clock pulse for 


MBC602 acknowledgement 


Fig.15 Acknowledgment on the I2C-bus. 
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9 12?C-BUS PROTOCOL 
9.1 Addressing 


Before any data is transmitted on the I2C-bus, the device which should respond is addressed first. The addressing is 
always carried out with the first byte transmitted after the start procedure. 


The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only an input signal, 
but the data signal SDA is a bidirectional line. 


The clock/calendar slave address is shown in Fig.16. Bit AO corresponds to hardware address pin AO. Connecting this 
pin to Vpp or Vss allows the device to have one of two different addresses. 


ptfeojt pelo] o jac jaw 
es = group 1 esl group sua MRBO16 


Fig.16 Slave address. 


9.2  Clock/calendar READ/WRITE cycles 
The I?C-bus configuration for the different PCF8583 READ and WRITE cycles is shown in Figs 17, 18 and 19. 


acknowledgement acknowledgement acknowledgement 
from slave from slave from slave 


Ps SLAVE ADDRESS 0} | WORD ADDRESS DATA ale 


| 


auto increment 
memory word address 


MBD822 


Fig.17 Master transmits to slave receiver (WRITE) mode. 
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acknowledgement acknowledgement acknowledgement acknowledgement 
from slave 2 from slave - from slave from master 


at this moment master - 

transmitter becomes ire auto increment 
master - receiver and memory word address 
PCF8593 slave - receiver 

becomes slave - transmitter 


no acknowledgement 
from master 


ee NERC CUO 


L—__. last byte 


auto increment 


MBD823 memory word address 


Fig.18 Master reads after setting word address (write word address; READ data). 


acknowledgement acknowledgement acknowledgement 
from slave - from slave from slave 


= SLAVE ADDRESS 1A DATA A DATA nea 
R/W _ n bytes Tt _ last bytes 


auto increment auto increment 
word address word address 


MBD824 


Fig.19 Master reads slave immediately after first byte (READ mode). 
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10 LIMITING VALUES . 
In accordance with the Absolute Maximum Rating System (IEC 134). 


fsvwoot| PARAMETER | (WN 
Voo _[suppivvotlage (ping) ——SSSC~C~“~*~*~“~*~*~*~OS 
loo [suppiycurentipin) SSS 
Iss [supply curent (pin) SSCS 
vi [inputvotage—SSCSC~<C~“—~*~‘~*~*~S~*~ OB 
aan ed 
i. — 
al aa 

ae 


[Po [power dissipation per output 


11 HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC 12 
under “Handling MOS Devices”. 


12 DC CHARACTERISTICS 
Vpp = 2.5 to 6.0 V; Vss = 0 V; Tamb = —40 to +85 °C unless otherwise specified. 


Yoo | supply voltage , 
(quartz oscillator) 
(operating mode) note 3 . 
supply current see Fig.20 
(clock mode) fsc. = 0 Hz; Vpp = 5 V 
fscL = 0 Hz; Vpp =1V 


Pe 
lppR data retention fosc! = 0 Hz; Vpp = 1 V 
Tamb = —40 to + 85 °C _ 
a 
15 
0.8 | 
0.7Vo0_ 
so 
a ad 


Nh 
O1 


— | 
O|oO 
— 
’ io) 


no 
=) 
ro) 
< 
<|t Ee} </</</¢ 
< 
= 


Oo 
2) 


ro} rp} on 
oR) 
= 
> 


Ele 
>| > 


> 
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TOW evel apa eurent Vaz 0a re 
inputleskage current |Vi=VooorVes_————~di-1}_—-[- did 


input leakage current 


Notes _ 


1. Typical values measured at Tamp = 25 °C. 

2. When powering-up the device, Vpp must exceed 1.5 V until stable operation of the oscillator is established. 
3. Event counter mode: supply current dependant upon input frequency. 

4. The I?C-bus logic is disabled if Vpp < Ven. 

5 


When the voltages are above or below the swely voltages Vpp Or Vgs, an input current may flow; this current 
must not exceed +0.5 mA. 


6. Tested on sample basis. 


MRBO12 


fscL = 32 kHz; Tami = 25°C: 


Fig.20 Typical supply current in clock mode as a function of supply voltage. 
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13 AC CHARACTERISTICS 
Vpp = 2.5 to 6.0 V; Vssg = 0 V; Tamp = —40 to +85 °C; unless otherwise specified. 


4 pF 


‘ 


Afose oscillator stability for AVpp = 100 mV; 
Tamb = 25°C; Vop =15V 


Quartz crystal parameters (f = 32.768 kHz) 


series resistance 
parallel load capacitance 


trimmer capacitance 


N 
x 
=. 
7 
N 


a 
N 


care 

© 
N ~ 
Ol © 
TIO) X 


CL 
Cr 


I2C-bus timing (see Fig.21; notes 2 and 3) 


SCL clock frequency 

tsp tolerable spike width on bus 
LO 

f 


& 
N 
' 
io) 
o>] 


START condition set-up time 


& 
N 


START condition hold time 
Ww SCL LOW time 
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fy [SCL and SDA rise time 
28 


STOP condition set-up time 


Notes 


& 
(o>) 


SCL HIGH time eC) 
: fa 
eS: 


4 


1. Event counter mode only. 


2. All timing values are valid within the operating supply voltage and ambient temperature range and reference to Vj, 
and Vj} with an input voltage swing of Vsg to Vpp. = 4 


3. A detailed description of the I2C-bus specification, with applications, is given in brochure “The ?C-bus and how to 
use it”. This brochure may be ordered using the code 9398 393 40011. 
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START BIT 7 | ACKNOWLEDGE STOP 
PROTOCOL CONDITION MSB (A) CONDITION 
(S) (A7) — (P) 


Usu-sTA tlow 'tHIGH 
<< <<» 


<<} 


'su;pat —s ' HD;DAT abies 'su;sTO 


Fig.21 |?C-bus timing diagram; rise and fall times refer to Vi_ and Vip. 


14 APPLICATION INFORMATION Procedure: 


14.1. Quartz frequency adjustment ¢ Power-on 


e Initialization (alarm functions). 
14.1.1. METHOD 1: FIXED OSCI CAPACITOR ( 


. Routine: 
By evaluating the average capacitance necessary for the , 
application layout a fixed capacitor can be used. ¢ Set clock to time T and set alarm to time T + dT 
The frequency is best measured via the 1 Hz signal e At time T + dT (interrupt) repeat routine. 
available after power-on at the interrupt output (pin 7). 
The frequency tolerance depends on the quartz crystal 14.1.8. METHOD3: 


tolerance, the capacitor tolerance and the Direct tof OSC out 7 re ee eee 
device-to-device tolerance (on average +5 x 10-6). Hie eri giana Ghee ate out (accounting for test probe 


Average deviations of +5 minutes per year can be capacitance). , ! | 
achieved. | The PCF8583 slave address has a fixed combination 1010 
as group 1. 


14.1.2 METHOD 2: OSCI TRIMMER 


Using the alarm function (via the I@C-bus) a signal faster 
than 1 Hz can be generated at the interrupt output for fast 
setting of a trimmer. 
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MASTER 
TRANSMITTER 
SCL 


AO 
CLOCK 
CALENDAR ° 
OSCIl_ PCF8583 


'1010' SDA 
OSCO Vss 


OSCl  PCF8583 
'1010' 
OSCO 


RR: pull-up resistor 
R = trige / C-bus 


SDA SCL 
(12C-bus) MRB018 


Fig.22 Application diagram. 
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Application Notes 
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SOLDERING 


Introduction 

DIP | 

Soldering by dipping or by wave 
Repairing soldered joints 

SO 

Reflow soldering 


_ Wave soldering 


Repairing soldered joints 
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LIFE SUPPORT APPLICATIONS 
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1 FEATURES 2 GENERAL DESCRIPTION 


e Parallel-bus to I?C-bus protocol converter and interface § The PCF8584 is an integrated circuit designed in CMOS 

¢ Compatible with most parallel-bus technology which serves as an interface between most 
microcontrollers/microprocessors including 8049, 8051, standard parallel-bus microcontrollers/microprocessors 
6800. 68000 and Z80 and the serial I?C-bus. The PCF8584 provides both master 


and slave functions. 
e Both master and slave functions 


Communication with the I2C-bus is carried out on a 
byte-wise basis using interrupt or polled handshake. 

e Programmable interrupt vector It controls all the I2@C-bus specific sequences, protocol, 

e Multi-master capability | arbitration and timing. The PCF8584 allows parallel-bus 
systems to communicate bidirectionally with the I?C-bus. 


e Automatic detection and adaption to bus interface type 


e |?C-bus monitor mode 

e Long-distance mode (4-wire) 

e Operating supply voltage 4.5 to 5.5 V 

e Operating temperature range: —40 to +85 °C. 


3 ORDERING INFORMATION 


TYPE 
plastic dual in-line package; 20 leads (300 mil) 
plastic small outline package; 20 leads; body width 7.5 mm 
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SDA’, ~ DIGITAL 
SDA OUT®) tT |. FILTER 


DATA CONTROL 


PCF8584 


SCL/ (3) DIGITAL 
SCL IN FILTER 


SCL CONTROL 


CLOCK PRESCALER 
SCL MULTIPLEXER 
BUS BUSY LOGIC 
ARBITRATION LOGIC 


SE Ce CO Cc Ce ee CO 


RESET/ 


STROBE 
(O.C.) 


(1) X=don't care. 
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4 BLOCK DIAGRAM 
PARALLEL BUS 
4 pp7 *pB6e }pBs *pB4 7 ps3 tpB2 foB1 tpBo = | Vpp | Vss 
ee ae 


READ BUFFER 


DATA SHIFT REGISTER SO AND READ BUFFER 


SHIFT REGISTER 


(Ny | | 
7 "OWN ADDRESS SO! 2] 
INTERRUPT VECTOR $3 


default: OOH 80XX 


CLOCK REGISTER S2 OFH 68XXX 


$22 | S21 $20 
CLOCK REGISTER S2 


write only 


CONTROL STATUS REGISTER $1 
ADO/ — read only 


REGISTER ACCESS CONTROL 


BUS BUFFER CONTROL 
PARALLEL BUS CONTROL INTERRUPT CONTROL 


RESET/STROBE CONTROL 


AO WR (RW) | RD (DTACK)?? INT 3)| ACK | CL 
ScL ouT 1 spa In) 


MBD908 - 1 


K 


(2) Pin mnemonics between parenthesis indicate the 68000 mode pin designations. 
(3) These pin mnemonics represent the long-distance mode pin designations. 
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Fig.1 Block diagram. 
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5 PINNING 

SYMBOL | DESCRIPTION 
1 i. ob. | clock input from microcontroller clock generator (internal pull-up) 


I/O | \?C-bus serial data input/output (open-drain). Serial data output in long-distance 


SDA OUT mode. 


SCL or SCL IN 3 


IACK or 
SDA IN 
INT or 
SCL OUT 
AO | 


B 


l2C-serial clock input/output (open-drain). Serial clock input in long-distance mode. 


Interrupt acknowledge input (internal pull-up); when this signal is asserted the 
interrupt vector in register S3 will be available at the bus Port if the ENI flag is set. 
Serial data input in long-distance mode. 


Interrupt output (open-drain); this signal is enabled by the ENI flag in register S1. 
It is asserted when the PIN flag is reset. (PIN is reset after 1 byte is transmitted or 
received over the |?C-bus). Serial clock output in long-distance mode. 


Register select input (internal pull-up); this input selects between the control/status 
register and the other registers. Logic 1 selects register S1, logic 0 selects one of 
the other registers depending on bits loaded in ESO, ES1 and ES2 of register S1. 


/O | bidirectional 8-bit bus Port 0 
O | bidirectional 8-bit bus Port 1 
O | bidirectional 8-bit bus Port 2 


7 


8) 


W 
—!O 


2 


=/ = = 


I/O | bidirectional 8-bit bus Port 3 
bidirectional 8-bit bus Port 4 


< 
i€p) 
i¢p) 


a 


EG 


a 
O 


iil 
WW} WM; W 
1 Oo 


bidirectional 8-bit bus Port 5 
/O _ | bidirectional 8-bit bus Port 6 
O | bidirectional! 8-bit bus Port 7 


) | RD is the read control input for MAB8049, MAB8051 or Z80-types. DTACK is the 
data transfer control output for 68000-types (open-drain). 


chip select input (internal pull-up) 
WR is the write control input for MAB8048, MAB8051, or Z80-types 
(internal pull-up). R/W control input for 68000-types. 


Reset input (open-drain); this input forces the I@C-bus controller into a predefined 
state; all flags are reset, except PIN, which is set. Also functions as strobe output. 


supply voltage 


O 
8) 
©) 


11 
12 
13 
14 
15 


8 


al 
0 
g 
> 
Q 
= 
= 
O 


17 
WR (R/W) 18 


“A 
| 


2 
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VppD 


RESET / STROBE 


—— — — (1) 
WR (RW) 


SDA or SDA OUT 
SCL or SCL IN 
IACK or SDA IN cs 


depos — —— (1 
INT or SCL OUT RD (DTACK)' 


PCF8584 
DB7 
DB6 
DB5 
DB4 
DB3 


MLAO12-1 


(1) Pin mnemonics between parenthesis indicate the 68000 mode 
pin designations. 


Fig.2 Pin configuration. 


6 FUNCTIONAL DESCRIPTION 
6.1 General 


The PCF8584 acts as an interface device between 
standard high-speed parallel buses and the serial I@C-bus. 
On the I?C-bus, it can act either as master or slave. 
Bidirectional data transfer between the |?C-bus and the 
parallel-bus microcontroller is carried out on a byte-wise 
basis, using either an interrupt or polled handshake. 
Interface to either 80XX-type (e.g. 8048, 8051, Z80) or 
68000-type buses is possible. Selection of bus type is 
automatically performed (see Section 6.2). 
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Table 1 Control signals utilized by the PCF8584 for 
microcontroller/microprocessor interfacing - 


The structure of the PCF8584 is similar to that of the 
l2?C-bus interface section of the Philips’ . 
MABXXXX/PCF84(C)XX-series of microcontrollers, but 
with a modified control structure. The PCF8584 has five 
internal register locations. Three of these (own address 
register SO’, clock register S2 and interrupt vector S3) are 


used for initialization of the PCF8584. Normally they are 


only written once directly after resetting of the PCF8584. 


The remaining two registers function as double registers 
(data buffer/shift register SO, and control/status 

register S1) which are used during actual data 
transmission/reception. By using these double registers, 
which are separately write and read accessible, overhead 
for register access is reduced. Register SO is a 
combination of a shift register and data buffer. 


Register SO performs all serial-to-parallel interfacing with 
the l?C-bus. | 


Register S1 contains |?C-bus status information required 
for bus access and/or monitoring. 


6.2 Interface Mode Control (IMC) 


Selection of either an 80XX mode or 68000 mode 
interface is achieved by detection of the first WR-CS signal 
sequence. The concept takes advantage of the fact that 
the write control input is common for both types of 
interfaces. An 80XX-type interface is default. If a 
HIGH-to-LOW transition of WR (R/W) is detected while CS 
is HIGH, the 68000-type interface mode is selected and 
the DTACK output is enabled. Care must be taken that WR 
and CS are stable after reset. 
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SCL (1.5 MHz) 


SIO DIVIDER DIVIDER 


(S21 and S20) (S24, S23, S22) 


/2, 3, 4, 5, 8 


MBE706 


RESET CS AO WR/ _RD/ INT IACK CLK 
STROBE R/W DTACK (50 : 50) 
mode locked 


mode select 


an GA 


R/W 
(1) 
cs 
| 
DTACK \ / : 
| 
mode select | 
WR 
(2) 
cS 


MBE707 


(1) Bus timing; 68000 mode write cycle. 
(2) Bus timing; 80XX mode. 


Fig.3 68000/80XX timing sequence utilized by the Interface Mode Control (IMC). 
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6.3 Set-up registers SO', S2 and S3 


Registers SO’, S2 and S3 are used for initialization of the 
PCF8584 (see Fig.5 ‘Initialization sequence’ flowchart). 


6.4 Own address register SO' 


When the PCF8584 is addressed as slave, this register 
must be loaded with the 7-bit I@C-bus address to which the 
PCF8584 is to respond. During initialization, the own 
address register SO' must be written to, regardless 
whether it is later used. The Addressed As Slave (AAS) bit 
in status register S1 is set when this address is received 
(the value in SO is compared with the value in SO’). Note 
that the SO and S0' registers are offset by one bit; hence, 
programming the own address register SO' with a value of 
55H will result in the value AAH being recognized as the 
PCF8584’s slave address (see Fig.1). 


Programming of SO' is accomplished via the parallel-bus 
when AO is LOW, with the appropriate bit combinations set 
in control status register S1 (S1 is written when 

pin AO = HIGH). Bit combinations for accessing all 
registers are given in Table 5. After reset, SO' has default 
address 00H (PCF8584 is thus initially in monitor mode, 
see Section 6.12.3). 


6.5 Clock register S2 


Register S2 provides control over chip clock frequency 
-and SCL clock frequency. S20 and S21 provide a selection 
_of 4 different l°C-bus SCL frequencies which are shown in 
Table 2. Note that these SCL frequencies are only 

obtained when bits S24, S23 and S22 are programmed to 

the correct input clock frequency (fc). 


Table 2 Register S2 selection of SCL frequency 


APPROXIMATE SCL 
FREQUENCY fsc i (KHz) 


$22, $23 and S24 are used for control of the internal clock 
prescaler. Due to the possibility of varying microcontroller 
clock signals, the prescaler can be programmed to adapt 
to 5 different clock rates, thus providing a constant internal 
clock. This is required to provide a stable time base for the 
SCL generator and the digital filters associated with the 
l2C-bus signals SCL and SDA. Selection for adaption to 
external clock rates is shown in Table 3. 
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_ Programming of S2 is accomplished via the parallel-bus 


when AO = LOW, with the appropriate bit combinations set 
in control status register S1 (S1 is written when 

AO = HIGH). Bit combinations for accessing all registers 
are given in Table 5. 


Table 3 Register S2 selection of clock frequency 


INTERNAL CLOCK FREQUENCY 


Note 
1. X=don' care. 


6.6 Interrupt vector S3 


The interrupt vector register provides an 8-bit 
user-programmable vector for vectored-interrupt 
microcontrollers. The vector is sent to the bus port 

(DB7 to DBO) when an interrupt acknowledge signal is 
asserted and the ENI (enable interrupt) flag is set. Default 
vector values are: 


e Vector is ‘OOH’ in 80XX mode 
e Vector is ‘OFH’ in 68000 mode. 


On reset the PCF8584 is in the 80XX mode, thus the 
default interrupt vector is ‘OOH’. 


6.7 Data shift register/read buffer SO 


Register SO acts as serial shift register and read buffer 
interfacing to the !@C-bus. All read and write operations 
to/from the I?C-bus are done via this register. SO is a 
combination of a shift register and a data buffer; parallel 
data is always written to the shift register, and read from 
the data buffer. I@C-bus data is always shifted in or out of 
shift register SO. 


560 


Philips Semiconductors Product specification 


l2C-bus controller PCF8584 


to/from microcontroller parallel bus 


DB7 DB6 DB5 DB4 DBS ODB2 _ DB1_ DBO 


Read Buffer 
Data Shift Register SO and Read Buffer 


to/from Shift register 


1?C-Bus SDA line 


MBE705 


Fig.4 Data shift register/ous buffer SO. 


In receiver mode the data from the shift register is copied to the read buffer during the acknowledge phase. Further 
reception of data is inhibited (SCL held LOW) until the SO read buffer is read (see Section 6.8.1.1). 


In the transmitter mode data is transmitted to the I2C-bus as soon as it is written to the SO shift register if the serial I/O is 
enabled (ESO = 1). 


Remarks: 


1. A minimum of 6 clock cycles must elapse between consecutive parallel-bus accesses to the PCF8584 when the 
l?C-bus controller operates at 8 or 12 MHz. This may be reduced to 3 clock cycles for lower operating frequencies. 


2. To start a read operation immediately after a write, it is necessary to read the SO read buffer in order to invoke 
reception of the first byte (‘dummy read’ of the address). Immediately after the acknowledgement, this first byte will 
be transferred from the shift register to the read buffer. The next read will then transfer the correct value of the first 
byte to the microcontroller bus (see Fig.7). 


6.8 Control/status register S1 


Register S1 controls I@C-bus operation and provides |?C-bus status information. Register S1 is accessed by a HIGH 
signal on register select input AO. For more efficient communication between microcontroller/processor and the I?C-bus, 
register S1 has separate read and write functions for all bit positions (see Fig.3). The write-only section provides register 
access control and control over I2C-bus signals, while the read-only section provides |?C-bus status information. 


Table 4 Control/status register $1 


CONTROL/STATUS BITS | MODE | 


BB 


Notes 

1. For further information see Section 6.8.1. 
2. For further information see Section 6.8.2. 
3. Logic 1 if not-initialized. 
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6.8.1. REGISTER S1 CONTROL SECTION 
The write-only section of S1 enables access to registers SO, SO', $1, S2 and S3, and controls I2C-bus operation; see 
Table 4. 

6.8.1.1 PIN (Pending Interrupt Not) 


When the PIN bit is written with a logic 1, all status bits are reset to logic 0. This may serve as a software reset function 
(see Figs 5 to 9). PIN is the only bit in S1 which may be both read and written to. PIN is mostly used as a status bit for 
synchronizing serial communication, see Section 6.8.2. | 


6.8.1.2 | ESO (Enable Serial Output) 


ESO enables or disables the serial 12@C-bus I/O. When ESO is LOW, register access for initialization is possible. When 
ESO is HIGH, I?C-bus communication is enabled; communication with serial shift register SO is enabled and the S1 bus 
status bits are made available for reading. 


Table 5 Register access control; ESO = 0 (serial interface off) and ESO = 1 (serial interface on) 


INTERNAL REGISTER ADDRESSING 2-WIRE MODE 


) 


pt 1) TRS: (clock register) 


R S3: (interrupt vector ACK cycle)) 


Notes _ | | 
1. With ESO = 0, bits ENI, STA, STO and ACK of S1 can be read for test purposes. 
2. ‘X’ if ENI=0. 


6.8.1.3 ES1andES2 


ES1 and ES2 control selection of other registers for initialization and control of normal operation. After these bits are | 
programmed for access to the desired register (shown in Table 5), the register is selected by a logic LOW level on 
register select pin AO. _ 

6.8.1.4  ENI | | 

This bit enables the external interrupt output INT, which is generated when the PIN bit is active (logic 0). 


This bit must be set to logic 0 before entering the long-distance mode, and remain at logic 0 during operation in 
long-distance mode. 
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6.8.1.5 STAandSTO 


These bits control the generation of the I2@C-bus START condition and transmission of slave address and RW bit, 
generation of repeated START condition, and generation of the STOP condition (see Table 7). 


Table 6 Register access control; ESO = 1 (serial interface on) and ES1 = 1; long-distance (4-wire) mode; note 1 


INTERNAL REGISTER ADDRESSING: LONG-DISTANCE (4-WIRE) MODE 


1 1 X W S1: control 
Po tt KX RWS; (data) 
Note | | | 


1. Trying to read from or write to registers other than SO and S1 (setting ESO = 0) brings the PCF8584 out of the 
long-distance mode. 


Table 7 Instruction table for serial bus control 


PRESENT | 
SLV/REC START transmit START + address, remain 
| MST/TRM if R/W = 0; 
go to MST/REC if R/W = 1 
1 MST/TRM REPEAT same as for SLV/REC 
START 


MST/REC; STOP READ; | transmit STOP go to SLV/REC mode; note 1 
MST/TRM STOP WRITE 
MST DATA send STOP, START and address after last 
CHAINING master frame without STOP sent; note 2 
po Cd| «dT CNY | _—NOP__—‘[nocoperationnoteS 


Notes 
1. In master receiver mode, the last byte must be terminated with ACK bit HIGH (‘negative acknowledge’). 


2. If both STA and STO are set HIGH simultaneously in master mode, a STOP condition followed by a START 
condition + address will be generated. This allows ‘chaining’ of transmissions without relinquishing bus control. 


3. All other STA and STO mode combinations not mentioned in Table 7 are NOPs. 


6.8.1.6 ACK 


This bit must be set normally to a logic 1. This causes the I@C-bus controller to send an acknowledge automatically after 
each byte (this occurs during the 9th clock pulse). The bit must be reset (to logic 0) when the I2C-bus controller is 
operating in master/receiver mode and requires no further data to be sent from the slave transmitter. This causes a 
negative acknowledge on the I@C-bus, which halts further transmission from the slave device. 

6.8.2 REGISTER S1 STATUS SECTION 


The read-only section of S1 enables access to I2C-bus status information; see Table 4. 
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6.8.2.1 PIN bit 


‘Pending Interrupt Not’ (MSB of register S1) is a status flag 
which is used to synchronize serial communication and is 
set to logic 0 whenever the PCF8584 requires servicing. 
The PIN bit is normally read in polled applications to. 
determine when an I?C-bus byte transmission/reception is 
completed. The PIN bit may also be written, see 
Section 6.8.1. 


Each time a serial data transmission is initiated (by setting 
the STA bit in the same register), the PIN bit will be set to 
logic 1 automatically (inactive). When acting as 
transmitter, PIN is also set to logic 1 (inactive) each time 
SO is written. In receiver mode, the PIN bit is automatically 
set to logic 1 (inactive) each time the data register SO is 
read. 


After transmission or reception of one byte on the I?C-bus 
(9 clock pulses, including acknowledge), the PIN bit will be 
automatically reset to logic 0 (active) indicating a complete 
byte transmission/reception. When the PIN bit is 
subsequently set to logic 1 (inactive), all status bits will be 
reset to logic 0. PIN is also set to zero.on a BER (bus error) 
condition. | 


In polled applications, the PIN bit is tested to determine 
when a Serial transmission/reception has been completed. 
When the ENI bit (bit 4 of write-only section of register S1) 
is also set to logic 1 the hardware interrupt is enabled. 

In this case, the PIN flag also triggers an external interrupt 
(active LOW) via the INT output each time PIN is reset to 
logic 0 (active). 


When acting as slave transmitter or slave receiver, while 
PIN = 0, the PCF8584 will suspend I?C-bus transmission 
by holding the SCL line LOW until the PIN bit is set to 
logic 1 (inactive). This prevents further data from being 
transmitted or received until the current data byte in SO has 
been read (when acting as slave receiver) or the next data 
byte is written to SO (when acting as slave transmitter). 


PIN bit summary: 


e The PIN bit can be used in polled applications to test 
when a serial transmission has been completed. When 
the EN! bit is also set, the PIN flag sets the external 
interrupt via the INT output. 


Setting the STA bit (start bit) will set PIN = 1 (inactive). 
In transmitter mode, after successful transmission of 
one byte on the I2C-bus the PIN bit will be automatically 


reset to logic 0 (active) indicating a complete byte 
transmission. 


In transmitter mode, PIN is set to logic 1 (inactive) each 
time register SO is written. 


1997 Mar 19 


e In receiver mode, PIN is set to logic 0 (active) on 
completion of each received byte. Subsequently, the 
SCL line will be held LOW until PIN is set to logic 1. 


e in receiver mode, when register SO is read, PIN is set to 
logic 1 (inactive). 


In slave receiver mode, an |2C-bus STOP condition will 
set PIN = 0 (active). 


e PIN = 0 if a bus error (BER) occurs. 


6.8.2.2 STS 


When in slave receiver mode, this flag is asserted when an 
externally generated STOP condition is detected (used | 
only in slave receiver mode). 


6.8.2.3 BER 


Bus error; a misplaced ST. ART or STOP condition has 
been detected. Resets BB (to logic 1; inactive), sets 
PIN = 0 (active). 


6.8.2.4 LRB/ADO — 


‘Last Received Bit’ or ‘Address 0 (General Call) bit’. This 
status bit serves a dual function, and is valid only while 
PIN = 0: 


1. LRB holds the value of the last received bit over the 
l2C-bus while AAS = 0 (not addressed as slave). 
Normally this will be the value of the slave 
acknowledgement; thus checking for slave 
acknowledgement is done via testing of the LRB. 


2. ADO; when AAS = 1 (‘Addressed As Slave’ condition), 
the l2C-bus controller has been addressed as a slave. 
Under this condition, this bit becomes the ‘ADO’ bit and 
will be set to logic 1 if the slave address received was 
the “general call’ (OOH) address, or logic 0 if it was the 
I2C-bus controllers own slave address. 


6.8.2.5 AAS 


‘Addressed As Slave’ bit. Valid only when PIN = 0. When 
acting as slave receiver, this flag is set when an incoming 
address over the I?C-bus matches the value in own 
address register SO' (shifted by one bit, see Section 6.4), 
or if the I@C-bus ‘General Call’ address (OOH) has been . 
received (‘General Call’ is indicated when ADO status bit is 
also set to logic 1, see Section 6.8.2.4). 


6.8.2.6 LAB 


‘Lost Arbitration’ Bit. This bit is set when, in multi-master 
operation, arbitration is lost to another master on the 
I2C-bus. 


564 


Philips Semiconductors 


Product specification 


l2C-bus controller 


PCF8584 


6.8.2.7 BB 


‘Bus Busy’ bit. This is a read-only flag indicating when the 
[2C-bus is in use. A zero indicates that the bus is busy, and 
access Is not possible. This bit is set/reset (logic 1/logic 0) 
by STOP/START conditions. 


6.9 Multi-master operation 


To avoid conflict between data and repeated START and 
STOP operations, multi-master systems have some 
limitations: 

e When powering up multiple PCF8584s in multi-master 
systems, the possibility exists that one node may power 
up slightly after another node has already begun an 
l2?C-bus transmission; the Bus Busy condition will thus 
not have been detected. To avoid this condition, a delay 
should be introduced in the initialization sequence of 
each PCF8584 equal to the longest I?C-bus 
transmission, see flowchart ‘PCF8584 initialization’ 
(Fig.5). 


6.10 Reset 


A LOW level pulse on the RESET (CLK must run) input 
forces the I?C-bus controller into a well-defined state. 
All flags in S1 are reset to logic 0, except the PIN flag, 
which is set to logic 1. SO' and S3 are set to OOH. 


The RESET pin is also used for the STROBE output 
signal. Both functions are separated on-chip by a digital 
filter. The reset input signal has to be sufficiently long 
(minimum 30 clock cycles) to pass through the filter. 
The STROBE output signal is sufficiently short (8 clock 
cycles) to be blocked by the filter. For more detailed 
information on the strobe function see Section 6.12. 


6.11 Comparison to the MAB8400 I?C-bus interface 


The structure of the PCF8584 is similar to that of the 
MAB8400 series of microcontrollers, but with a modified 
control structure. Access to all I2@C-bus control and status 
registers is done via the parallel-bus port in conjunction 
with register select input AO, and control bits ESO, ES1 
and ES2. 
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6.11.1. DELETED FUNCTIONS 


The following functions are not available in the PCF8584: 
e Always selected (ALS flag) 

e Access to the bit counter (BCO to BC2) 

e Full SCL frequency selection (2 bits instead of 5 bits) 

e The non-acknowledge mode (ACK flag) 

e Asymmetrical clock (ASC flag). 


6.11.2 ADDED FUNCTIONS 


The following functions either replace the deleted 
functions or are completely new: 


e Chip clock prescaler 
e Assert acknowledge bit (ACK flag) 
e Register selection bits (ES1 and ES2 flags) 


Additional status flags (BER, ‘bus error’) 


Automatic interface control between 80XX and 
68000-type microcontrollers 


e Programmable interrupt vector 


Strobe generator 
e Bus monitor function 


Long-distance mode [non-l?C-bus mode (4-wire); only 
for communication between parallel-bus processors 
using the PCF 8584 at each interface point]. 


6.12 Special function modes 


6.12.1 STROBE 


When the I2C-bus controller receives its own address (or 
the ‘OOH’ general call address) followed immediately by a 
STOP condition (i.e. no further data transmitted after the 
address), a strobe output signal is generated at the 
RESET/STROBE pin (pin 19). The STROBE signal 
consists of a monostable output pulse (active LOW), 

8 clock cycles long (see Fig.9). It is generated after the 
STOP condition is received, preceded by the correct slave 
address. This output can be used as a bus access 
controller for multi-master parallel-bus systems. 
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6.12.2 LONG-DISTANCE MODE 


The long-distance mode provides the possibility of 
longer-distance serial communication between parallel 
processors via two I2C-bus controllers. This mode is 
selected by setting ES1 to logic 1 while the serial interface 
is enabled (ESO = 1). 


In this mode the I2C-bus protocol is transmitted over 

4 unidirectional lines, SDA OUT, SCL IN, SDA IN and 
SCL IN (pins 2, 3, 4 and 5). These communication lines 
should be connected to line drivers/receivers 

(example: RS422) for long-distance applications. 
Hardware characteristics for long-distance transmission 
are then given by the chosen standard. Control of data 
transmission is the same as in normal I2C-bus mode. After 
reading or writing data to shift register SO, long-distance 
mode must be initialized by setting ESO and ES1 to 

logic 1. Because the interrupt output INT is not available in 
this operating mode, synchronization of data 
transmission/reception must be polled via the PIN bit. 


Remarks: 


_ Before entering the long-distance mode, ENI must be 
set to logic 0. 


When powering up an PCF8584-node in long-distance 
mode, the PCF8584 must be isolated from the 4-wire 
bus via 3-state line drivers/receivers until the PCF8584 
is properly initialized for long-distance mode. Failure to 
implement this precaution will result in system 
malfunction. 


6.12.3 MONITOR MODE 


When the 7-bit own address register SO' is loaded with all 
zeros, the I2C-bus controller acts as a passive |@C monitor. 
The main features of the monitor mode are: — 
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e The controller is always selected. | 

e The.controller is always in the slave receiver mode. | 

e The controller never generates an acknowledge. 

e The controller never generates an interrupt request. _ 

e A pending interrupt condition does not force SCL LOW. 

e BBissetto logic 0 after detection of a START condition, 
and reset to logic 1 after a STOP condition. 


e Received data is automatically transferred to the read 
buffer. 


Bus traffic is monitored by the PIN bit, which is reset to 
logic 0 after the acknowledge bit of an incoming byte has 
been received, and is set to logic 1 as soon as the first 
bit of the next incoming byte is detected. Reading the 
data buffer SO sets the PIN bit to logic 1. Data in the read 
buffer is valid from PIN = 0 and during the next 8 clock 
pulses (until next acknowledge). 


AAS is set to logic 1 at every START condition, and 
reset at every 9th clock pulse. 


7 SOFTWARE FLOWCHART EXAMPLES 

7.1 Initialization - - 
The flowchart of Fig.5 gives an example of a proper 
initialization sequence of the PCF8584. 

7.2 Implementation 


The flowcharts (Figs 6 to 9) illustrate proper programming 
sequences for implementing master transmitter, master 
receive, and master transmitter, repeated start and master 
receiver modes in polled applications. 
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PCF8584 resets to 
slave receiver mode 


parallel bus interface 
determined by — 
PCF8584 (80XX/68XXX) 


initialization of 
PCF8584 completed 
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reset minimum 
30 clock cycles 


send byte 80H 


delay: wait a time 
equal to the longest ae 
message to synchronize 
BB-bit. (multimaster 
systems only 


power-on 


address line AO 


AO = HIGH 


| 
| 
Y 


AO = LOW 


<—-——— 


AO = HIGH 


AO = HIGH _ enables data transfer to/from 
register S1 


AO =LOW Access to all other registers 
defined by the bit pattern in 
register S1 


Loads byte 80H into register S1' 
i.e. next byte will be loaded into register SO' 
(own address register); serial interface off. 


Loads byte 55H into register SO’; 
effective own address becomes AAH. 


Loads byte AOH into register S1, i.e. next byte 
will be loaded into the clock control register S2. 


Loads byte 1CH into register S2; 
system clock is 12 MHz; SCL = 90 kHz. 


Loads byte C1H into register S1; register enable 
serial interface, set I@C-bus into idle mode; 

SDA and SCL are HIGH. The next write or read 
operation will be to/from data transfer register 
SO if AO = LOW. 


On power-on, if an PCF8584 node is powered-up 
slightly after another node has already begun an 
I°C-bus transmission, the bus busy condition will 
not have been detected. Thus, introducing this 
delay will insure that this condition will not occur. 


MBE714 


Fig.5 PCF8584 initialization sequence. 
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AO = HIGH 
read byte from S1 register | 
| 
| 
| 
is bus busy? | 
(BB = 07) | 
y 
AO = LOW 


| Load 'slave address' into SO register: 
send byte 'slave address' }|— — — aoe ‘slave address' = value of slave address 
(7-bits + R/W = 0). After reset, default = '0' 


v 
—_ —_— AQ=HIGH Load C5H into S1. 'C5H' = PCF8584 generates 
on send CSH to control ———4— — the 'START' condition and clocks out the slave 
PCF8584 remains in register S1 | address and the clock pulse for slave acknowledgement. 
master transmitter Next byte(s) sent to the SO register will be immediately 
. . 4 ; 2 - 
mode if R/W bit of _Y. . | transferred over the I“C-bus. 
snveaamors <0 - n= 0 (data byte counter); | | | 
m = number of data bytes | 
to be transferred | 
AO = HIGH 
read byte from S1 register |——-—-+-—-— __ Poll for transmission finished. 
| 
| 
| 
PIN bit = 0? | 
no | 
yes. . saa a a a a 7 
slave ~ | _ | 
acknowledged? | 
(LRB = 07) | | 
| 
yes , | 
| transmission | 
completed | 
yes ! ; Y a 
a l . AO = HIGH 
| send byte C3H 
Load C3 into the S1 control 
; register: PCF8584 generates 
‘STOP' condition. 
AO = LOW 
send byte ‘data’ byes PCF8584 goes into 
hence (END) re aed slave receiver mode 
buffer register SO; 


data is transmitted. MBE715 


Fig.6. PCF8584 master transmitter mode. 
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AO = LOW 
ee |e Load ‘Slave Address’ into SO register: 
send byte ‘slave address’ to SO iGiaue. Addrasel= 7 His AAV C7. 


AO = HIGH 


read byte from S1 status register 


is bus busy? 
(BB = 0?) 


———-——-—— Is the I?C-bus busy? 


no__ Ad = HIGH PCF8584 generates 'START' condition, 


send byte C5H to S1 control register -- — — — — — sends out slave address + RD to I@C-bus and 
generates 9th clock pulse for slave ACK. 


n = 0 (data byte counter) 


m=number of databytes = —f-——-——-— Set-up software counters. 
to be read 


AO = HIGH AO = HIGH 


Set ACK bit S1 to O in 


read byte from S1 status register send byte 40H to control register S1 |- — preparation for negative 
acknowledgement. 
AO = LOW 
read data byte from SO register(?) — This command simultaneously 
receives the final data byte 


AO = HIGH from the I2C-bus and loads 
it into register SO. 


yes read byte from S1 status register Neg. ACK is also sent. 
slave ACK? <u > 


(LRB = 07) (an error 
has occured) 


yes AQ =HIGH PCF8584 generates 
__ 'STOP' condition. 
isle tosh PCF8584 goes into 
AO = LOW slave receiver mode. 


the data buffer to accumulator. 
Because the STOP condition 
was previously executed, no 
I2C-bus activity takes place. 


AO = LOW 


‘ This command transfers 
final dat f — 
read final data byte from SO register the final data byte from 
read data byte from SO register) C eno) 


MGLoo9 


(1) The first read of the SO register is a ‘dummy read’ of the slave address which should be discarded. The first read of the SO register simultaneously 
reads the current value of SO and then transfers the first valid data byte from the I2C-bus to SO. 


Fig.7 PCF8584 master receiver mode. 
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~ 
~ 
~ 


| 
| 
| 
| 

\2C-bus write routine | 
(master transmitter mode _ | 
excluding final STOP) : 


PCF8584 configured as Load 45H into the S1 register; PCF8584 
master transmitter AO = HIGH generates the repeated ‘START condition’ only. 
The current contents of register SO is NOT 
clocked out onto the I@C-bus. : 
The next byte sent to register SO should be the 
‘slave address' + read bit. 


Load 'slave address’ into the SO register. Once 
loaded, it is automatically clocked out over the I2C-bus. 


PCF 8584 configured as ‘Slave address' = slave address (7 bits) + R/W bit set '1', 


master receiver 


I?C-bus read routine (master receiver mode) 


=— 
= ~ 


~ 


C END ) MBE712 


Fig.8 Master transmitter followed by repeated START and becoming master receiver. 
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AO = HIGH 
read byte from S1 register | 
| 
| 
addressed as slave sie ee | __.__ Check whether 
no (AAS = 17) i ‘addressed as slave' 
yes | 
read byte from S1 register |———--——— Check that ‘own address’ 
| has arrived correctly 
| 
| 
| 
no | 
yes y Read incoming address to 


AO = LOW determine if the R/W bit is 0 or 1 
read byte from SO register [|— — — —— — — This will differentiate between 
slave receiver or slave 


transmitter modes. 


RW = read or write? RW =0 
— 9? 
SLAVE eieseae ao SLAVE 
TRANSMITTER RECEIVER 
MODE MODE 
AO = HIGH 
| 
read byte from S1 register | read byte from S1 register 
| 
| 
no | no 
| 
| 
negative ! 
ACK received? l STOP detected? 
yes (LRB = 17) 1 (STS = 1?) yes 
AO = LOW 


| no 
write data to SO register read data from SO register 
write last data byte read last data byte 
to SO register from SO register 
+= PIN deactivated ———_—__. > _ 
(set to '1') 
PCF8584 goes into 
slave receiver MBE719 
mode 


Fig.9 Slave receiver/slave transmitter modes. 
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8 12C-BUS TIMING DIAGRAMS 


The diagrams (Figs 10 to 13) illustrate typical timing diagrams for the PCF8584 in master/slave functions. For detailed 
description of the |?C-bus protocol, please refer to “The fC-bus and how to use it”; Philips document 
ordering number 9398 393 40011. 


<_|— 


$$$) ~- |< —___— _—_——_ 
7-bit address (76H) | interrupt first-byte (E4H) interrupt nbyte interrupt 


R/W =0 
START ACK ACK STOP 
condition condition 


from slave receiver MBE709 


Master PCF8584 writes data to slave transmitter. 


Fig.10 Bus timing diagram; master transmitter mode. 


| a na a I 
7-bit address (76H) interrupt first-byte (discard) interrupt nbyte 
R/W = 1 
START ACK ACK STOP 
condition condition 
‘DUMMY READ' 
must be executed here 


from master MBE710 


from slave receiver 


Master PCF8584 reads data from slave transmitter. 


Fig.11 Bus timing diagram: master receiver mode. 
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| | 
“nn__.Anp_-— 
bale : 


! 
U 
f 
| ——§—fie-| $$$ A @ $$ $$ $$_—_———] 


<6 ¢§ $$ i$ $$ _ >». |< 
7-bit address (OCH) | interrupt first-byte: 1FH interrupt nbyte interrupt 
R/W = 1 


START ACK no ACK STOP 


ACK 
condition | condition 
FSrvsiaie PORAEBA from master MBE711 


receiver 


External master receiver reads data from PCF8584. 


Fig.12 Bus timing diagram; slave transmitter mode. 


$a || | a nr ri |_| ll <—____—_—. 
7-bit address (62H) | interrupt first-byte (CCH) interrupt nbyte interrupt interrupt 


eapie (after STOP) 


START ACK ACK STOP 
condition condition 


from slave PCF8584 MBE708 


Slave PCF8584 is written to by external master transmitter. 


Fig.13 Bus timing diagram; slave receiver mode. 
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9 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


10 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is good 
practice to take normal precautions appropriate to handling MOS devices (see “Handling MOS Devices”). 
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11 DC CHARACTERISTICS 
Vpop = 5 V 10%; Tamb = —40 to +85 °C; unless otherwise specified. 


LOW level input voltage note 4 a ae 


5 
lon HIGH level output current |Von=2.4V;note6and7 |-24 |- | 
LOW level output current | Vo, = 0.4 V; note 6 30 [= | 
fin leakage current notes td 


Notes 


1. Test conditions: 22 kQ pull-up resistors on DO to D7; 10 kQ pull-up resistors on SDA, SCL, RD; RESET connected 
to Vss; remaining pins open-circuit. 


CLK waveform of 12 MHz with 50% duty factor. 

CLK, IACK, AO, CS, WR, RD, RESET and DO to D7 are TTL level inputs. 
SDA and SCL are CMOS level inputs. 

CLK, IACK, AO, CS and WR. 

DO to D7. 

DTACK, STROBE. 

DO to D7 3-state, SDA, SCL, INT, RD, RESET. 


OND? Or ek 
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12 I?C-BUS TIMING SPECIFICATIONS | os 
All the timing limits are valid within the operating supply voltage and ambient temperature range; Vpp = 5 V +10%; 
Tamb = —40 to +85 °C; and refer to Vi_ and V\y with an input voltage of Vss to Vpp. | 


rsywsou| ——~=SCPARAMETER SS |N 
fsx. _[SOLeocktrequncy——SSSCSC~CS~S~S 
ay [tolrable spike width on bus 
t 
tf 


. 
aaa 
| 
[cust [START condition setuptme——=SS~—TSC*d 
[wise [START condition holdtime ——=SS~rSC*d 
fon [SCLLOWtime SS SSSCS~S~—S*d 
woh [SCLHIGH time ——SCSC~“~S~*~rSSC*d 
i [SCLandSDArsetme—SS~S~—SSC*d 
x [SCLandSoataltime ——SSSS~S~SsS*d 
fcuom [data setuptime —SS~S~SSd 
fwoioxr [dataholdtime ———~S~=~“~*~*~“~“~*~rOSCSCS*C*‘diSSCSCSCSCS 
fvoom [SCL LOW todatacutvald ————SSSCS~S Sid 

| Cs el 


STOP condition set-up time 


13 PARALLEL INTERFACE TIMING | 

All the timing limits are valid within the operating supply voltage and ambient temperature range: Vpp = 5 V +10%; 
Tamb = —40 to +85 °C; and refer to Vi_ and Vjy with an input voltage of Vss to Vpp. C_ = 100 pF; Ry = 1.5 kQ 
(connected to Vpp) for open-drain and high-impedance outputs, where applicable (for measurement purposes only). 


UNIT 


UL 


[ns 
ns 


—) 
ie) 


CS hold from RD HIGH see Fig.16 Oe a 
CS hold from WR HIGH see Fig.15 Os. i 


io) 
1S) 
Ww 
=) 


” 


a) 
n 


| 


1000 
1000 


ns 


=) 
.¢) 


oO 


oh, 


8 


data hold after WR HIGH see Fig.15 


tRHDE data bus floating after RD see Fig.16 
HIGH | 
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Y 


in | 


SYMBOL PARAMETER CONDITIONS UNIT 
AO set-up to CS LOW see Figs 17 and 18 fase. 
R/WR set-up to CS LOW see Fig.17 Ins 


cs i 10 

ig. 10 

R/WR set-up to CS LOW see Fig.18 10 
. 230 


ns 
ns 

180 

3tcik + 150 
ns 


>) 


data valid after CS LOW see Fig.18 and note 2 
DTACK LOW after CS LOW _|see Figs 17 and 18 


AO hold from CS HIGH see Fig.18 
R/WR hold from CS HIGH see Fig.18 
cnn | RWR ho from CS HIGH 


2tcLK +75 


150 
120 


Notes 


0 


=) 
on 


180 
0 250 


ns 
2 


is?) 


2tcik + 75 
1 


3tcLK + 150 


16 

10 

130 
0 
2 


0 


_ 
AAS 
© 


8tcLk + 90 


tcLpL + tcHDE 


1. A minimum of 6 clock cycles must elapse between consecutive parallel-bus accesses when the I2C-bus controller 
operates at 8 or 12 MHz. This may be reduced to 3 clock cycles for lower operating frequencies. 


2. Not for S1. 
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t ~<a 


6 ns max MLAO13-1 


orl 907 nF 


WR 
'WLWH 
DO to D7 c DATA VALID |) 
'DVWH 
MLAO14 - 1 > <«- twHDI 


Fig.15 Bus timing (8OXX mode); write cycle. 


1997 Mar 19 578 


Philips Semiconductors 


Product specification 


I2C-bus controller 


1997 Mar 19 


tCLRE tRHCH 


{| 


~! tavAL fp we tRHa 


_> 


MLAO15 - 1 trippy <t tRHDF 


Fig.16 Bus timing (80XX mode); read cycle. © 


{ | 


<< tavcL. > | tCHAL 


<e- tweicLt |= tcLc_L——>_ —t (CHWH 


DO to D7 { DATA VALID a. 


~"4- tpovcL > ~#tcnHp 


DTACK 


MLAO17 - 1 tCLDL > Sa tCHDE 


Fig.17 Bus timing (68000 mode); write cycle. 
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a tRHCLA|—<—._ tcLcL ———— | ss t- t[CHRL > 


DO to D7 


DTACK 


MLAO16 - 1 


Fig.18 Bus timing (68000 mode); read cycle. 


DO to D7 DATA VALID | b 


MLAO78 - 7 


Fig.19 Interrupt timing (80XX mode). 
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—a— tALE —P 


taHDI 


DO to D7 4 DATA VALID - 


~* taHDE 


MLAO19 - 1 


Fig.20 Interrupt timing (68000 mode). 


RESET | | 


a twa ee oe) MLAQ20 - 1 


Fig.21 Reset timing. 
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STROBE | | 


ia see a tw5 is ge ssa MLAO21 - 1 


Fig.22 Strobe timing. 
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14 APPLICATION INFORMATION 


ADDRESS BUS 


DECODER 


8048/8051 
PCF8584 


MBE704 


Fig.23 Application diagram using the 8048/8051. 
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AS | 
Zo 
Sie CS 
ADDRESS 


INTERRUPT 


HANDLER PCF8584 


MBE702 


Fig.24 Application diagram using the 68000. 
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ADDRESS BUS 


i DECODER 


8088 
PCF8584 


D ie cs 


MBE703 


Fig.25 Application diagram using the 8088. 
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Substrate 


RESET/STROBE 


cs 

RD (DTACK) 
DB7 

DB6 

DB5 


DB4 


MBE701 


Maximum forward current: 5 mA; maximum reverse voltage: 5 V. 


Fig.26 PCF8584 diode protection. 


14.1. Application notes 


Additional application notes are available from Philips Semiconductors: 

1. AN95068: “C Routines for the PCF8584”. 

2. AN96040: “Using the PCF8584 with non-specified timings and other frequently asked questions”. 
3. AN90001: “Interfacing PCF8584 FC-bus controller to 80(C)51 family of microcontrollers”. 
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TYPE 
| DIPIG | 


PCA8591P 


FEATURES 
Single power supply 
Operating supply voltage 2.5 V to 6 V 
Low standby current 
Serial input/output via 1@C-bus 
Address by 3 hardware address pins 
Sampling rate given by I2C-bus speed 


4 analog inputs programmable as single-ended or 
differential inputs 


Auto-incremented channel selection 

Analog voltage range from Vss to Vpp 

On-chip track and hold circuit 

8-bit successive approximation A/D conversion 
Multiplying DAC with one analog output. 


APPLICATIONS 


Closed loop control systems 
Low power converter for remote data acquisition 
Battery operated equipment 


Acquisition of analog values in automotive, audio and 


TV applications. 


ORDERING INFORMATION 


3 GENERAL DESCRIPTION 


The PCF8591 is a single-chip, single-supply low power » 
8-bit CMOS data acquisition device with four analog 
inputs, one analog output and a serial I@C-bus interface. 
Three address pins AO, A1 and A2 are used for 
programming the hardware address, allowing the use of 
up to eight devices connected to the I2C-bus without 
additional hardware. Address, control and data to and from 
the device are transferred serially via the two-line 
bidirectional |@C-bus. | 


The functions of the device include analog input 
multiplexing, on-chip track and hold function, 8-bit 
analog-to-digital conversion and an 8-bit digital-to-analog 
conversion. The maximum conversion rate is given by the 
maximum speed of the I2C-bus. 


DIP16 
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DESCRIPTION 


plastic dual in-line package; 16 leads (300 mil); long body 
PCA8591T SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1 


PACKAGE 


VERSION 
SOT38-1 


588 


ZO Ady Z661 


68S 


SCL 
SDA 


I"c BUS 


INTERFACE 


EXT 


POWER ON 
RESET 


AIN1 ANALOGUE 
MULTI- 
AIN2 PLEXER 


AOUT 


duu) 


ADC DATA 
REGISTER 


DAC DATA 
REGISTER 


STATUS 


REGISTER 


! 


CONTROL 
LOGIC 
OSCILLATOR 
+ 
COMPA— 
S/H RATOR 


S/H | DAC 


SUCCESSIVE APPROXIMATION 
REGISTER/LOGIC 


VREF 


AGND 


7280971 


Fig.1 Block diagram. 


INVHSVIG HOOT1d $ SS 


JBUSAUOS Y//d Puke C/V 19-8 


L6S840d 


SIOJONPUODILUSS Sdiylud 


uoleoyioeds AIeUuILWI|asd 


Philips Semiconductors 


Preliminary specification 


8-bit A/D and D/A converter 


PCF8591 


6 PINNING 


[swweou [PN [DESCRIPTION 


analog inputs 
(A/D converter) 


hardware address 


on 

fe [negative supply votage 
SoA [9 | FC-bus data inpwvoutpat 

[10 -bus clockinput 

73 


l2C-bus clock input 
1 oscillator input/output 
T 


external/internal switch for oscillator 
input 


AGN [73 
Veer 
aout [3 
Tec 


on 


— 
Oo 
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Fig.2 Pinning diagram. 
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7 FUNCTIONAL DESCRIPTION 
7.1 Addressing 


Each PCF8591 device in an I?C-bus system is activated by 
sending a valid address to the device. The address 
consists of a fixed part and a programmable part. 

The programmable part must be set according to the 
address pins AO, A1 and A2. The address always has to 
be sent as the first byte after the start condition in the 
l2@C-bus protocol. The last bit of the address byte is the 
read/write-bit which sets the direction of the following data 
transfer (See Figs 3, 15 and 16). 


MSB LSB 


GOOG Oec 


fixed part programmable part 7280960 


Fig.3 Address byte. 
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7.2 Control byte 


The second byte sent to a PCF8591 device will be stored 
in its control register and is required to control the device 
function. 


The upper nibble of the control register is used for enabling 
the analog output, and for programming the analog inputs 
as single-ended or differential inputs. The lower nibble 
selects one of the analog input channels defined by the 
upper nibble (see Fig.4). If the auto-increment flag is set 
the channel number is incremented automatically after 
each A/D conversion. 


If the auto-increment mode is desired in applications 
where the internal oscillator is used, the analog output 
enable flag in the control byte (bit 6) should be set. This 
allows the internal oscillator to run continuously, thereby 
preventing conversion errors resulting from oscillator 
start-up delay. The analog output enable flag may be reset 
at other times to reduce quiescent power consumption. 


The selection of a non-existing input channel results in the 
highest available channel number being allocated. 
Therefore, if the auto-increment flag is set, the next 
selected channel will be always channel 0. The most 
significant bits of both nibbles are reserved for future 
functions and have to be set to 0. After a Power-on reset 
condition all bits of the control register are reset to 0. 

The D/A converter and the oscillator are disabled for power 
saving. The analog output is switched to a high-impedance 
State. 
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MSB LSB 


ett) com or 


A/D ciate NUMBER: 


fe 


channel 0 
_ channel 1 
channel 2 
i‘ channel 3 


- AUTOINCREMENT FLAG: 


(switched on if 1) 


ANALOGUE INPUT PROGRAMMING: 


00 ~=Four single ended inputs 


AINO ——————_-———~ channel 0 
AIN1 ———--———. channel 1 
AIN2 —————"———————. channel 2 
AIN3- =. channel 3 


01 Three differential inputs 


AINO 
a: channel 0 

AIN1 
Bie channel 1 


AIN2 
i= channel 2 
AIN3 


10 Singie ended and differential mixed 


AIN —_—_————_ channel 0 
AN —_—_—_—_———— channel 1 


AIN2 
channel 2 
AINS 
11 Two differential inputs 


AINO 
channel 0 
AIN1 


channel 1 


ANALOGUE OUTPUT ENABLE FLAG: 


(analogue output active if 1) 7Z80961 


Fig.4 Control byte. 
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7.3 D/A conversion 


The third byte sent to a PCF8591 device is stored in the 
DAC data register and is converted to the corresponding 
analog voltage using the on-chip D/A converter. This D/A 
converter consists of a resistor divider chain connected to 
the external reference voltage with 256 taps and selection 
switches. The tap-decoder switches one of these taps to 
the DAC output line (see Fig.5). 


The analog output voltage is buffered by an auto-zeroed 
_unity gain amplifier. This buffer amplifier may be switched 
on or off by setting the analog output enable flag of the 
control register. In the active state the output voltage is 
held until a further data byte is sent. 


The on-chip D/A converter is also used for successive 
approximation A/D conversion. In order to release the 
DAC for an A/D conversion cycle the unity gain amplifier is 
equipped with a track and hold circuit. This circuit holds the 
output voltage while executing the A/D conversion. 


The output voltage supplied to the analog output AOUT is 
given by the formula shown in Fig.6. The waveforms of a 
D/A conversion sequence are shown in Fig.7. 


TAP 
DECODER 


7280962 


Fig.5 DAC resistor divider chain. 
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MSB } LSB | 7280963 


DAC data 
[o7 | 06 {05 |p| oa] o2 {01 | 00 | eae 


Veer ~Vacno 2 i 
Vaout = VAGND + 256 x Dix 2 


00 01 02 03 04 FE FF HEX CODE 


Fig.6 DAC data and DC conversion characteristics. 


PROTOCOL S| ADDRESS po] a CONTROL BYTE DATA BYTE 1 DATA BYTE 2 
UL UU UU UU UL 
1 2 8 9 1 9 1k. 9 1 


PREVIOUS VALUE VALUE OF 
HELD IN DAC DATA BYTE 1 
HIGH IMPEDANCE STATE OR REGISTER 
PREVIOUS VALUE HELO IN DAC REGISTER 


7280964 


Fig.7 D/A conversion sequence. 
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7.4 A/D conversion The conversion result is stored in the ADC data register 
and awaits transmission. If the auto-increment flag is set 


The A/D converter makes use of the successive fhe: naxechannol iaaclecied. 


approximation conversion technique. The on-chip D/A 

converter and a high-gain comparator are used The first byte transmitted in a read cycle contains the 
temporarily during an A/D conversion cycle. conversion result code of the previous read cycle. After a 
Power-on reset condition the first byte read is a 
hexadecimal 80. The protocol of an I?C-bus read cycle is 
shown in Chapter 8, Figs 15 and 16. 


An A/D conversion cycle is always started after sending a 
valid read mode address to a PCF8591 device. The A/D 
conversion cycle is triggered at the trailing edge of the 


acknowledge clock pulse and is executed while The maximum A/D conversion rate is given by the actual 
transmitting the result of the previous conversion (see speed of the I2C-bus. 
Fig.8). 


Once a conversion cycle is triggered an input voltage 
sample of the selected channel is stored on the chip and is 
converted to the corresponding 8-bit binary code. Samples 
picked up from differential inputs are converted to an 8-bit 
two’s complement code (see Figs 9 and 10). 


PROTOCOL ES ADDRESS Lala DATA BYTE 0 SA | DATA BYTE 1 ES DATA BYTE 2 
eo UA LULL SUL UU UL 
| 1 2 8 9 1 9 1 9 1 


7Z80965 
SAMPLING SAMPLING SAMPLING 
BYTE 2 BYTE 3 


BYTE 1 


CONVERSION CONVERSION CONVERSION 
OF BYTE 1 OF BYTE 2 OF BYTE 3 


/—_—_—__—__—_ 
TRANSMISSION TRANSMISSION TRANSMISSION 


OF PREVIOUSLY OF BYTE 1 OF BYTE 2 
CONVERTED BYTE 


Fig.8 A/D conversion sequence. 
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7280966 


ns VREF ~ VYAGND 
LSB ~ 256 


254 255 VAIN - VAGND 


VisB 


Fig.9 A/D conversion characteristics of single-ended inputs. 


7280967 


=128 “127+ =2 2 --- 126 127 VaIn+ 7 VAIN 


ViSB 


_ Vrer — VAGND 
VLSB = 956 


Fig.10 A/D conversion characteristics of differential inputs. 
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7.5 Reference voltage 


For the D/A and A/D conversion either a stable external 
voltage reference or the supply voltage has to be applied 
to the resistor divider chain (pins Vag and AGND). 

The AGND pin has to be connected to the system analog 
ground and may have a DC off-set with reference to Vss. 


A low frequency may be applied to the Vacr and AGND 
pins. This allows the use of the D/A converter as a 
one-quadrant multiplier; see Chapter 15 and Fig.6. 


The A/D converter may also be used as a one or two 
quadrant analog divider. The analog input voltage is 
divided by the reference voltage. The result is converted to 
a binary code. In this application the user has to keep the 
reference voltage stable during the conversion cycle. 
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7.6 Oscillator 


An on-chip oscillator generates the clock signal required 
for the A/D conversion cycle and for refreshing the 
auto-zeroed buffer amplifier. When using this oscillator the 
EXT pin has to be connected to Vss. At the OSC pin the 
oscillator frequency is available. 


If the EXT pin is connected to Vpp the oscillator output 
OSC is switched to a high-impedance state allowing the 
user to feed an external clock signal to OSC. 
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8 CHARACTERISTICS OF THE I2C-BUS 


The I2C-bus is for bidirectional, two-line communication between different |Cs or modules. The two lines are a serial data 
line (SDA) and a serial clock line (SCL). Both lines must be connected to a Pons supply via a pull-up resistor. Data » 
transfer may be initiated only when the bus is not busy. 


8.1 Bit iidnetes 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period 
of the clock pulse as changes in the data line at this time will be interpreted as a control signal. 


| 
data line | change | 
stable; | of data | 
data valid | allowed | MBC621 


Fig.11 Bit transfer. 


8.2 Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH, is 
defined as the stop condition (P). 


START condition STOP condition MBC622 


Fig.12 Definition of START and STOP condition. 
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8.3. System configuration 


A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls 
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’. 


MASTER 
SLAVE MASTER 
TRANSMITTER / TRANSMITTER / TRANSMITTER / 
RECEIVER RECEIVER RECEIVER TRANSMITTER RECEIVER 


MBA605 


Fig.13 System configuration. 


-8.4 Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to receiver is not limited. 
Each data byte of eight bits is followed by one acknowledge bit. The acknowledge bit is a HIGH level put on the bus by 
the transmitter whereas the master also generates an extra acknowledge related clock pulse. A slave receiver which is 
addressed must generate an acknowledge after the reception of each byte. Also a master must generate an 
acknowledge after the reception of each byte that has been clocked out of the slave transmitter. The device that 
acknowledges has to pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW 
during the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data to the 
transmitter by not generating an acknowledge on the last byte that has been clocked out of the slave. In this event the 
transmitter must leave the data line HIGH to enable the master to generate a stop condition. 


DATA OUTPUT 
BY TRANSMITTER 


| not acknowledge 


DATA OUTPUT | | 


BY RECEIVER | | 


| | acknowledge 


SCL FROM , 3 
MASTER | | _. 
seal 
START 
CONDITION MBCG02 


clock pulse for 
acknowledgement . 


Fig.14 Acknowledgement on the I?C-bus. 
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8.5 12C-bus protocol 


After a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write bit defines the 
direction of the following single or multiple byte data transfer. For the format and the timing of the start condition (S), the 
stop condition (P) and the acknowledge bit (A) refer to the I?C-bus characteristics. In the write mode a data transfer is 
terminated by sending either a stop condition or the start condition of the next data transfer. 


Acknowledge Acknowledge Acknowledge 
from PCF8591 from PCF8591 from PCF8591 


ADDRESS 0 CONTROL BYTE DATA BYTE 


DATA BYTES 7280968 


Fig.15 Bus protocol for write mode, D/A conversion. © 


Acknowledge Acknowledge No acknowledge 
from PCF&591 from master 


7Z80969 
N=0toM 
DATA BYTES 


Fig.16 Bus protocol for read mode, A/D conversion. 
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9 LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


2 , 
ih [BCinputcurent 
ig *(OCouputeuent SSS 


[Pex [total power assipation per package 
[Po | power dissipation per oulput 


10 HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC12 under 
“Handling MOS Devices”. 
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11 DC CHARACTERISTICS 
Vpp = 2.5 V to 6 V; Vsg = 0 V; Tamb = —40 °C to +85 °C unless otherwise specified: 


SYMBOL PARAMETER | | CONDITIONS | MIN, 


Vi= Vss or Vpp; no load 
f 


a 


supply voltage (operating) 2.5 
supply current 


standby 


operating, AOUT off scL = 100 kHz 
operating, AOUT active fgci. = 100 kHz | 


Vpor Power-on reset level note 1 


Digital inputs/output: SCL, SDA, AO, A1, A2 


LOWievelinputvotage [| 
HIGH level input voltage Petal 0.7 x Vpop 


on 
IL leakage current eee 
AQ,AI,A2 [Mie Ves toVpp | -250 |= 

| Eee 


[03% Voo [V 
ae 
V 

2 


Ec Ce CO 
ines: Seaene Nenad 
a Ce 
= [95 [250 
= foas [0 
Cc a 
jo 
[07% Voo_ 
aa 
=a 


Vi= 
SCL, SDA | Vi = Vg to Vop 
finputcapactance | 
LOW level SDA output current | Vo, = 0.4 V 


3 a 
reference voltage Vrer > Vagnp; note 2 Vss + 1.6 | 
analog ground voltage Vrer > Vagnp; note 2 V | 


Vpp — 0.8 
nai 


DD 
EPs ol 
3.0 | eas 
Reference voltage inputs 
Vss + 1.6 | 
Ves 
Oscillator: OSC, EXT 
0 


Notes 


pins Vacrand AGND [= —*( 100. 


.O 
Ss 


1. The power on reset circuit resets the I?C-bus logic when Vpp is less than Vpor. 
2. A further extension of the range is possible, if the following conditions are fulfilled: 


V +V V +V 
REF AGND REF AGND 
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12 D/A CHARACTERISTICS 
Vpp = 5.0 V; Vss = 0 V; Veer = 5.0 V; Vagnp = 0 V; Ry = 10 kQ; CL = 100 pF; Tamp = —40 °C to +85 °C unless otherwise 
specified. 


SYMBOL PARAMETER CONDITIONS | MIN. | TYP. 


no resistive load 
Ry = 10 kQ 


fpac conversion rate 


SNRR supply noise rejection ratio | f= 100 Hz; 
VppN = 0.1 x Vpp 


13 A/D CHARACTERISTICS 
Vpp = 5.0 V; Vsg = 0 V; Vrer = 5.0 V3 Vagnp = 0 V; Rg = 10 kQ; Tamp = —40 °C to +85 °C unless otherwise specified. 


fsyweot| PARAMETER | _cowomons | wiN_| Te | wax | UN 


— 
© 
=) 
> 


© 


a ee 9 

oO 
tis Ss 
< |m O1;oO 
ono |" 

co} 

j 


Nh 
b 


differential voltage measuring range; Veg 
Ves = Vrer — Vacnp a 


te |inearty enor Si 


© 
F 
< 


% 
% 


CMRR common-mode rejection 
ratio 
SNRR supply noise rejection ratio | f= 100 Hz; 
Vppn = 0.1 x Vpp 


or} —] 1+ | PO 
ea 
on 


11.1 


jo) 
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7294726 7294727 


(a) Internal oscillator; Tamp = + 27 °C. (b) External oscillator. 


Fig.17 Operating supply current asa function of supply voltage (analog output disabled). 


7294728 


D/A output impedance (2) 
D/A output impedance (2) 


co DO =30 EO FO 
hex input code 


hex input code 
(a) Output impedance near negative power rail; Tamp = + 27 °C. (b) Output impedance near positive power rail; Tamp = + 27 °C. 


The x-axis represents the hex input-code equivalent of the output voltage. 


Fig.18 Output impedance of analog output buffer (near power rails). 
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14 AC CHARACTERISTICS 
All timing values are valid within the operating supply voltage and ambient temperature range and reference to Vi_ and 
Vin with an input voltage swing of Vss to Vpp. 


rswweoc [PARAMETER ———~=S~SC*dYCN TP‘ (WAX | NT 


I2C-bus timing (see Fig.19; note 1) 


SCL and SDA fall time 

data set-up time 

data hold time 

SCL LOW-to-data out valid 
STOP condition set-up time 


Note 


1. A detailed description of the I2C-bus specification, with applications, is given in brochure “The #C-bus and how to 
use it”. This brochure may be ordered using the code 9398 393 40011. 


START BIT 7 BITO | ACKNOWLEDGE STOP 
PROTOCOL CONDITION MSB 3B CONDITION 
(S) (A7) (P) 


> a aa << 
'su:paT = HD;DAT ' VD;DAT oe 'su;STO 


Fig.19 |?C-bus timing diagram; rise and fall times refer to Vi_ and Vj. 
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15 APPLICATION INFORMATION 
Inputs must be connected to Vss or Vpp when not in use. Analog inputs may also be connected to AGND or Vrpe_r. 


In order to prevent excessive ground and supply noise and to minimize cross-talk of the digital to analog signal paths the 
user has to design the printed-circuit board layout very carefully. Supply lines common to a PCF8591 device and noisy 
digital circuits and ground loops should be avoided. Decoupling capacitors (>10 uF) are recommended for power supply 
and reference voltage inputs. 


PCF8591 


aE ANALOGUE GROUND 
if 


MASTER 


TRANSMITTER 
iL DIGITAL GROUND 


2 
7280970.1 Gaus 


Fig.20 Application diagram. 
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FEATURES 2 GENERAL DESCRIPTION 
rae 
ene eus lntsriace-opetaling supply volagere.2 lo 80N The PCF8593 is a CMOS clock/calendar circuit, optimized 


ah, 


e Clock operating supply voltage (Tamb = 0 to +70 °C): for low power consumption. Addresses and data are 
1.0 to 6.0 V . transferred serially via the two-line bidirectional I?C-bus. 
e 8 bytes scratchpad RAM (when alarm not used) The built-in word address register is incremented 


automatically after each written or read data byte. 


Data retention voltage: 1.0 to 6.0 V 
° . Saabs The built-in 32.768 kHz oscillator circuit and the first 8 


e External RESET input resets °C interface (only) bytes of RAM are used for the clock/calendar and counter 
e Operating current (fs, = O Hz, 32 kHz time base, functions. The next 8 bytes may be programmed as alarm 
Vpp = 2.0 V): typ. 1 pA registers or used as free RAM space. 


e Clock function with four year calendar 
e Universal timer with alarm and overflow indication 
e 24 or 12 hour format 
e 32.768 kHz or 50 Hz time base 
e Serial input/output bus (I?C-bus) 
e Automatic word address incrementing 
e Programmable alarm, timer and interrupt function | 
e Space-saving SO8 package available 
e Slave address: 
— READ A3 
— WRITE A2. 


3 QUICK REFERENCE DATA 


SYMBOL PARAMETER CONDITIONS 


Vpp supply voltage operating mode 
_ | l@C-bus inactive 1.0 


operating ambient temperature | 
storage temperature ee eee 


4 ORDERING INFORMATION 
TYPE | PACKAGE 
NUMBER | NAME DESCRIPTION VERSION 


PCF8593P DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1 
PCF8593T plastic small outline package; 8 leads; body width 3.9 mm SOT96-1 


Y 
a 
ees! 
Cae 
fo 
a 
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5 BLOCK DIAGRAM 


7 


hundredths of a second { 
CONTROL 
fests LOGIC 
weekdays/months 
Pores93 [timer ‘7 
alarm control 


8 
1 
OSCILLATOR Doe ee | 
32.768 kHz oo | 
| 00 
0 


12C-BUS 
INTERFACE ADDRESS 
REGISTER a alarm registers 


or RAM 


MBD808 


Fig.1 Block diagram. 


6 PINNING 


negative supply 
serial data input/output 
serial clock input 


open drain interrupt output 
(active LOW) 


Vop positive supply 


MBD809 


Fig.2 Pin configuration. 
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7 FUNCTIONAL DESCRIPTION 


The PCF8593 contains sixteen 8-bit registers with an 8-bit 
auto-incrementing address register, an on-chip 

32.768 kHz oscillator circuit, a frequency divider and a 
serial two-line bidirectional I2C-bus interface. 


The first 8 registers (memory addresses 00 to 07) are 
designed as addressable 8-bit parallel registers. The first 
register (memory address 00) is used as a control/status 
register. The memory addresses 01 to07 are usedas | 
counters for the clock function. The memory addresses 
08 to OF may be programmed as alarm registers or used 
as free RAM locations. 


7.1. Counter function modes 


When the control/status register is programmed, a 
32.768 kHz clock mode, a 50 Hz clock mode or an 
event-counter mode can be selected. 


In the clock modes the hundredths of a second, seconds, 
minutes, hours, date, month (four year calendar) and 
weekday are stored in a BCD format. The timer register 
stores up to 99 days. The event counter mode is used to 
count pulses applied to the oscillator input (OSCO left 
open-circuit). The event counter stores up to 6 digits of 
data. 


When one of the counters is read (memory locations 

01 to 07), the contents of all counters are strobed into 
capture latches at the beginning of a read cycle. Therefore, 
faulty reading of the count during a carry condition is 
prevented. 


When a counter is written, other counters are not affected. 


7.2 Alarm function modes 


By setting the alarm enable bit of the control/status register 
the alarm control register (address 08) is activated. 


By setting the alarm control register a dated alarm, a daily 
alarm, a weekday alarm or a timer alarm may be 
programmed. In the clock modes, the timer register 
(address 07) may be programmed to count hundredths of 


1997 Mar 25 


a second, seconds, minutes, hours or days. Days are 
counted when an alarm is not programmed. 


Whenever an alarm event occurs the alarm flag of the 
control/status register is set. A timer alarm event will set 
the alarm flag and an overflow condition of the timer will set 
the timer flag. The open-drain interrupt output is switched 
on (active LOW) when the alarm or timer flag is set 
(enabled). The flags remain set until directly reset by a 
write operation. | 


When the alarm is disabled (Bit 2 of control/status 


register = 0) the alarm registers at addresses 08 to OF oe 
be used as free RAM. 


7.3 Control/status register 


The control/status register is defined as the memory 


_ location 00 with free access for reading and writing via the 


l2C-bus. All functions and options are controlled by the 
contents of the control/status register (see Fig.3). 


7.4 Counter registers 


In the clock modes 24 h or 12 h format can be selected by 
setting the most significant bit of the hours counter 
register. The format of the hours counter is shown in Fig.5. 


The year and date are packed into memory location 05 
(see Fig 6). The weekdays and months are packed into | 
memory location 06 (see Fig.7). When reading these 
memory locations the year and weekdays are masked out 
when the mask flag of the control/status register is set. 
This allows the user to read the date and month count | 
directly. 


In the event-counter mode events are stored in BCD 
format. D5 is the most significant and DO the least 
significant digit. The divider is by-passed. 


In the different modes the counter registers are 
programmed and arranged as shown in Fig.4. Counter 
cycles are listed in Table 1. 
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MSB LSB 


timer flag (50% duty factor 
seconds flag if alarm 
enable bit is 0) 


alarm flag (50% duty factor 
minutes flag if alarm 
enable bit is 0) 


alarm enable bit: 

0 alarm disabled: flags toggle 
alarm control register disabled 
(memory locations 08 to OF 
can be treated as RAM) 
enable Alarm Control register 

(memory location 08 is the 
Alarm Control register) 


mask flag: 

0 — read locations 05 to 06 
unmasked 

1 read date and month count 
directly 


function mode : 

00 clock mode 32.768 kHz 
01 clock mode 50 Hz 

10 event-counter mode 

11 test modes 


hold last count flag : 

0 count 

1 store and hold last count in 
capture latches 


stop counting flag : 
MBD810 0 count pulses 
1 stop counting, reset divider 


Fig.3 Control/status register. 
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control/status 


hundredths of a second 
1/10 s 1/100 s 


seconds 
10s 1s 


minutes 
10 min 1 min 


hours 
10h th 


year/date 
10 day 1 day 
weekday/month 
10 month 1 month 
timer 


control/status 


10 day 1 day 


alarm control 


hundredths of a second 
1/10s 1/100 s 


CLOCK MODES EVENT COUNTER 


MBD811 


Fig.4 Register arrangement. 
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memory location 04 (hours counter) 


unit hours BCD 
ten hours (0 to 12 binary) 
AM/PM flag: 
0 AM 
1 PM 
format: 
MBD812 0 24h format, AM/PM flag 
remains unchanged 


1 12h format, AM/PM flag 
will be updated 


Fig.5 Format of the hours counter. 


memory location 05 (year/date) 


unit hours BCD 
ten days (0 to 3 binary) 


year (0 to 3 binary, read as 0 if 
the mask flag is set) 


MBD813 


Fig.6 Format of the year/date counter. 


memory location 06 (weekdays/months) 


unit months BCD 
ten months 


weekdays (0 to 6 binary, read as 0 if 
the mask flag is set) 


MBD814 


Fig.7 Format of the weekdays/months counter. 
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Table 1 Cycle length of the time counters, clock modes. 


UNIT 


Hundredths of a second 00 to 99 


COUNTING CYCLE 


Minutes 00 to 59 


Hours (24 h) 00 to 23 
) 


Hours (12 h 12 AM 
01 AM to 11 AM 
12 PM 
01 PM to 11 PM 


Date 01 to 31 
01 to 30 
01 to 29 
01 to 28 
Year Oto3 


Weekdays 0 to 6 


7.5 Alarm control register 


When the alarm enable bit of the control/status register is 
set (address 00, bit 2) the alarm control register 

(address 08) is activated. All alarm, timer, and interrupt 
output functions are controlled by the contents of the alarm 
control register (see Fig.8). 


7.6 Alarm registers 


All alarm registers are allocated with a constant address 
offset of hexadecimal 08 to the corresponding counter 
registers (see Fig.4,Register arrangement). 
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31 to 01 
30 to 01 
29 to 01 
28 to 01 


59 to 00 
23 to 00 


1,3, 5, 7, 8, 10 and 12 
4,6, 9 and 11 


6 to 0 


An alarm signal is generated when the contents of the 
alarm registers matches bit-by-bit the contents of the 
involved counter registers. The year and weekday bits are 
ignored in a dated alarm. A daily alarm ignores the month 
and date bits. When a weekday alarm is selected, the 
contents of the alarm weekday/month register will select 
the weekdays on which an alarm is activated (see Fig.9). 


Remark: in the 12 h mode, bits 6 and 7 of the alarm hours 
register must be the same as the hours counter. 
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MSB LSB 


ToT eT [ee] fe] meesatns 
= 


timer function : 


no timer 
hundredths of a second 
seconds 
minutes 
hours 
days 
not used 
111 test mode, all counters 
in parallel 


timer interrupt enable : 


0 timer flag, no interrupt 
1 timer flag, interrupt 


clock alarm function : 


no clock alarm 
daily alarm 
weekday alarm 
dated alarm 


timer alarm enable : 


0 no timer alarm 
1 timer alarm 
alarm interrupt enable : 


Menor (valid only when ‘alarm enable’ in 
control/status register is set) 


0 alarm flag, no interrupt 
1 alarm flag, interrupt 


Fig.8 Alarm control register, clock mode. 
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LSB 


memory location OE (alarm weekday/month) 


weekday 0 enabled when set 


weekday 1 enabled when set 


weekday 2 enabled when set 


weekday 3 enabled when set 
weekday 4 enabled when set 


weekday 5 enabled when set 


MBD816 


weekday 6 enabled when set 


not used 


Fig.9 Selection of alarm weekdays. 


7.7 Timer 


The timer (location 07) is enabled by setting the 
control/status register = XXOX X1XX. The timer counts up 
from O (or a programmed value) to 99. On overflow, the 
timer resets to 0. The timer flag (LSB of control/status 
register) is set on overflow of the timer. This flag must be 
reset by software. The inverted value of this flag can be 
transferred to the external interrupt by setting bit 3 of the 
alarm control register. 


Additionally, a timer alarm can be programmed by setting 
the timer alarm enable (bit 6 of the alarm control register). 
When the value of the timer equals a pre-programmed 
value in the alarm timer register (location OF), the alarm 
flag is set (bit 1 of the control/status register). The inverted 
value of the alarm flag can be transferred to the external 
interrupt by enabling the alarm interrupt (bit 6 of the alarm 
control register). 


Resolution of the timer is programmed via the 3 LSBs of 
the alarm control register (see Fig.11, Alarm and timer 
Interrupt logic diagram). 


1997 Mar 25 


7.8 Event counter mode 


Event counter mode is selected by bits 4 and 5 which are 
logic 1, 0 in the control/status register. The event counter 
mode is used to count pulses externally applied to the 
oscillator input (OSCO left open-circuit). The event counter 
stores up to 6 digits of data, which are stored as 

6 hexadecimal values located in locations 1, 2, and 3. 
Thus, up to 1 million events may be recorded. 


An event counter alarm occurs when the event counter 
registers match the value programmed in locations 9, A, 
and B, and the event alarm is enabled (bits 4 and 5 which 
are logic 0, 1 in the alarm control register). In this event, 
the alarm flag (bit 1 of the control/status register) is set. 
The inverted value of this flag can be transferred to the 
interrupt pin (pin 7) by setting the alarm interrupt enable in 
the alarm control register. In this mode, the timer 
(location 07) increments once for every one, one-hundred, 
ten thousand, or 1 million events, depending on the value 
programmezd in bits 0,1 and 2 of the alarm control register. 
In all other events, the timer functions are as in the clock 
mode. 
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memory location 08 


timer function : 


000 _ ~— noo timer 

001 units 

010 100 

011 10 000 

100 1000000 

101 not allowed 

110 not allowed 

111 test mode, all counters 
in parallel 


timer interrupt enable : 


0 timer flag, no interrupt 
1 timer flag, interrupt 


clock alarm function : 


00 no event alarm 
01 event alarm 
10 not allowed 
11 not allowed 


timer alarm enable : 


0 no timer alarm 
1 timer alarm 


alarm interrupt enable : 


MBD817 0 alarm flag, no interrupt 


1 alarm flag, interrupt 


Fig.10 Alarm control register, event-counter mode. 


7.9 — Interrupt output . In the clock mode, if the alarm enable is not activated 
(alarm enable bit of control/status register is logic 0), the 
interrupt output toggles at 1 Hz with a 50% duty cycle (may 
be used for calibration). The OFF voltage of the interrupt 
output may exceed the supply voltage, up to a maximum 
of 6.0 V. A logic diagram of the interrupt output is shown in 
Fig.11. 


The conditions for activating the open-drain n-channel 
interrupt output INT (active LOW) are determined by 
appropriate programming of the alarm control register. 
These conditions are clock alarm, timer alarm, timer 
overflow, and event counter alarm. An interrupt occurs 
when the alarm flag or the timer flag is set, and the 
corresponding interrupt is enabled. In all events, the 
interrupt is cleared only by software resetting of the flag 
which initiated the interrupt. 
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MUX 


oscillator 
mode 


select 


counter 
gu CLOCK/CALENDAR 
control 


timer 
alarm overflow control 


alarm 
control 


CONTROL/STATUS 
REGISTER ") CONTROL 
REGISTER 
alarm timer overflow iNT 
interrupt interrupt : 
MBD818 


(1) If the alarm enable bit of the control/status register is reset (logic 0), a 1 Hz signal can be observed on the interrupt pin INT. 


Fig.11 Alarm and timer interrupt logic diagram. 
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7.10 Oscillator and divider 


A 32.768 kHz quartz crystal has to be connected to OSCI 
(pin 1) and OSCO (pin 2). A trimmer capacitor between 
OSCI and Vpp is used for tuning the oscillator (see 
Chapter 14, Section 14.1). A 100 Hz clock signal is derived 
from the quartz oscillator for the clock counters. 


In the 50 Hz clock mode or event-counter mode the 
oscillator is disabled and the oscillator input is switched to 
a high-impedance state. This allows the user to feed the 
50 Hz reference frequency or an external high-speed 
event signal into the input OSCI. 


7.10.1 DESIGNING 


When designing the printed-circuit board layout, keep the 
oscillator components as close to the IC package as 
possible, and keep all other signal lines as far away as 
possible. In applications involving tight packing of 
components, shielding of the oscillator may be necessary. 
AC coupling of extraneous signals can introduce oscillator 
inaccuracy. 


7.11 Initialization (see Fig.12) 


Note that immediately following power-on, all internal 
registers are undefined and, following a RESET pulse on 
pin 3, must be defined via software. Attention should be 
paid to the possibility that the device may be initially in 
event-counter mode, in which event the oscillator will not 
operate. Over-ride can be achieved via software. 


Reset is accomplished by applying an external RESET 
pulse (active LOW) at pin 3. When reset occurs only the 
l2C-bus interface is reset. The control/status register and 
all clock counters are not affected by RESET. RESET 
must return HIGH during device operation. 
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RESET 


PCF8593 


MBD819 


To avoid overload of the internal diode by falling Vpp, an external 
diode should be added in parallel to Rr if Ca > 0.2 wF. Note that RC 
must be evaluated with the actual Vpp of the application, as their 
value will be Vpp rise-time dependent. 


Fig.12 RC reset. 


An RC combination can also be utilized to provide a 
power-on RESET signal at pin 3. In this event, the values 
of the RC must fulfil the following relationship to guarantee 
power-on reset (see Fig.12). 


RESET input must be <0.3Vpp when Vpp reaches Vppmin 
(or higher). 


It is recommended to set the stop counting flag of the 
control/status register before loading the actual time into 
the counters. Loading of illegal states may lead toa 
temporary clock malfunction. 
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8 CHARACTERISTICS OF THE I?C-BUS 


The I2C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data 
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data 
transfer may be initiated only when the bus is not busy. | 


8.1. Bit transfer (see Fig.13) 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period 
of the clock pulse as changes in the data line at this time will be interpreted as a control signal. 


on fT XN 
a 


| | 
data line | change | 
stable; | of data | 
data valid | allowed | MBC621 


Fig.13 Bit transfer. 


8.2 Start and stop conditions (see Fig. 14) 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the 
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is 
defined as the stop condition (P). 


Le ee ed 


START condition STOP condition MBC622 


Fig.14 Definition of start and stop conditions. 
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8.3. System configuration (see Fig.15) 


A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls 
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’. 


TRANSMITTER / 
RECEIVER 


SLAVE 
RECEIVER 


TRANSMITTER / 
RECEIVER 


MASTER 


TRANSMITTER / 
RECEIVER 


MASTER 
TRANSMITTER 


MBA605 


Fig.15 System configuration. 


8.4 Acknowledge (see Fig.16) 


The number of data bytes transferred between the start 
and stop conditions from transmitter to receiver is 
unlimited. Each byte of eight bits is followed by an 
acknowledge bit. The acknowledge bit is a HIGH level 
signal put on the bus by the transmitter during which time 
the master generates an extra acknowledge related clock 
pulse. A slave receiver which is addressed must generate 
an acknowledge after the reception of each byte. Also a 
master receiver must generate an acknowledge after the 
reception of each byte that has been clocked out of the 
slave transmitter. 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


SCL FROM 
MASTER | | 


LS | 
START 
CONDITION 


The device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times 
must be taken into consideration). A master receiver must 
signal an end of data to the transmitter by not generating 
an acknowledge on the last byte that has been clocked out 
of the slave. In this event the transmitter must leave the 
data line HIGH to enable the master to generate a stop 
condition. 


not acknowledge 


oe ee 
| 


acknowledge 


clock pulse for 


MBC602 acknowledgement 


Fig.16 Acknowledgment on the I2C-bus. 
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9 [#C-BUS PROTOCOL 
9.1 Addressing 


Before any data is transmitted on the I?C-bus, the device which should respond is addressed first. The addressing is 
always carried out with the first byte transmitted after the start procedure. 


The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only an input signal, 
but the data signal SDA is a bidirectional line. The clock/calendar slave address is shown in Fig.17. 


fel BE 


_ group 1 es, group ” MBD821 


Fig.17 Slave address. 


9.2 Clock/calendar READ/WRITE cycles 
The |?C-bus configuration for the different PCF8593 READ and WRITE cycles is shown in Figs 18, 19 and 20. 


acknowledgement acknowledgement acknowledgement 
from slave from slave . from slave 


is | SLAVE ADDRESS fo} WORD ADDRESS DATA al P| 


= n bytes 


auto increment 
memory word address 


MBD822 


Fig.18 Master transmits to slave receiver (WRITE) mode. 
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acknowledgement acknowledgement acknowledgement acknowledgement 
from slave from slave from slave from master 


fie] SLAVE ADDRESS 0| | WORD ADDRESS SLAVE ADDRESS ia DATA 


at this moment master - 

transmitter becomes auto increment 
master - receiver and memory word address 
PCF8593 slave - receiver 

becomes slave - transmitter 


no acknowledgement 
from master 


4a 


.—_—— last byte 


auto increment 


MBD823 memory word address 


Fig.19 Master reads after setting word address (write word address, READ data). 


acknowledgement acknowledgement acknowledgement 
from slave from slave from slave 


a SLAVE ADDRESS 1A) DATA f DATA cea 
R/W _ n bytes i Le last bytes 


auto increment auto increment 
word address word address 


MBD824 


Fig.20 Master reads slave immediately after first byte (READ mode). 
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10 LIMITING VALUES 
_In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER 
supply voltage (pin 8) 
| 


MIN, 
oe 

[supply current (pin) SSS 
Iss | supply current pina) ———SSSSSCSCSCS~S~S~sd 
[vi inputvotageSSSC~C“~*~*~*~“~*~*~*~*~*~—OBC 
in| iputeurent SSS 
flo _[Dcouputcurent ——SS~—S~S 
[Pix [total power dissipation perpackage —SSSSSC*d 
[Po power dissipation per ouput SSSS~dS 


11 HANDLING 


‘Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take precautions appropriate to handling MOS devices Advice can be found in Data Handbook IC12 under 
“Handling MOS Devices”. 


12 DC CHARACTERISTICS 
Vpp = 2.5 to 6.0 V; Vss = 0 V; Tamb = —40 to +85 °C; foge = 32 kHz; unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS | MIN. | TYP.) ) MAX. | UNIT 


Supply | | : | 


Too [supply votage 
(operating mode) l2C-bus inactive 


VpDosc supply voltage note 2 
(quartz oscillator) 


supply current 
(operating mode) 


: supply current fsc) = O Hz; 
(clock mode with I?C-bus _ inputs at Vpp or Vss 


Tamb = 0 to 70 °C 


. 
aaa 
—— 

o - 


inactive) | Vpp =2V 
Vpp = 5 V 


SDA, SCL, INT and RESET 


[Wc [LoWtevetinputvotage —[ —SOSCSC~S~S~SN 
fu 
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OSCI and RESET | 


1. Typical values measured at Tampb = 25 °C. 


2. When powering up the device, Vpp must exceed the specified minimum value by 300 mV to guarantee correct 
start-up of the oscillator. 


Event counter mode: supply current dependent upon input frequency. 
4. Tested on sample basis. 


fgcL = 32 kHZ; Tamp = 25 °C. 


Fig.21 Typical supply current in clock mode as a function of supply voltage. 
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13 AC CHARACTERISTICS 
Vpp = 2.5 to 6.0 V; Vss = 0 V; Tamb = —40 to +85 °C; unless otherwise specified. 


Cose integrated oscillator 30 


capacitance 


Afosc oscillator stability for AVpp = 100 mV; 2x 10-7 
Tamb = 25 °C; Vpp =1.5V 
input frequency noted COC 


Quartz crystal parameters (f = 32.768 kHz) 


series resistance 
parallel load capacitance — 


trimmer capacitance 


i 
© 
ie) 
Oo 
Ze} 
nl 


i) 


ol 


—_ 
=) 


N 
oOo 


Tj/Ol|Xx 


CL 
Cr 


I2C-bus timing (see Fig.22; notes 2 and 3) 


SCL clock frequency 
tsp tolerable spike width on bus 
r 


— 
© 
© 


o ee a 
= w|o 


START condition set-up time 


SCL and SDA rise time 
ft; | SCL and SDA fall time 


START condition hold time 
data set-up time 


iow | SCLLOW time ee 
two [SCL HIGH time ao 


data hold time 
SCL LOW to data out valid 
STOP condition set-up time 


Notes 


Ul 


1. Event counter mode only. 


2. All timing values are valid within the operating supply voltage and ambient temperature range and reference to Vj, 
and Vj, with an input voltage swing of Vss to Vpp. 


3. A detailed description of the I2@C-bus specification, with applications, is given in brochure “The fC-bus and how to 
use it”. This brochure may be ordered using the code 9398 393 40011. 
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START ACKNOWLEDGE STOP 
PROTOCOL CONDITION MSB (A) CONDITION 
(S) (A7) (P) 


'su-sTA trow tHIGH 
P_ <<? [<j 


|<—<_j— 
'su:patT ~—s " HD;DAT nee 'su;sTo 


Fig.22 |?C-bus timing diagram; rise and fall times refer to Vi_ and Vip. 
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14 APPLICATION INFORMATION 
14.1 
14.1.1 


By evaluating the average capacitance necessary for the 
application layout a fixed capacitor can be used. The 
frequency is best measured via the 1 Hz signal which can 
be programmed to occur at the interrupt output (pin 7). The 
frequency tolerance depends on the quartz crystal 
tolerance, the capacitor tolerance and the 
device-to-device tolerance (on average +5 x 10~®). 

Average deviations of +5 minutes per year can be 
achieved. 


Quartz frequency adjustment 


METHOD 1: FIXED OSCI CAPACITOR 


14.1.2 METHOD 2: OSCI TRIMMER 


Using the alarm function (via the I2C-bus) a signal faster 
than 1 Hz can be generated at the interrupt output for fast 
setting of a trimmer. 


CLOCK CALENDAR 
OSCI PCF8593 


OSCO V ss. SDA 


(1) Example Philips DLC 196 Double-Layer Capacitor family. 


SDA SCL 
(12C-bus) 


Procedure: 

e Power-on 

e Apply RESET 

e Initialization (alarm functions). 

Routine: 

e Set clock to time T and set alarm to time T + AT 
e At time T + AT (interrupt) repeat routine. 


14.1.3 METHOD 3: DIRECT OUTPUT 


Direct measurement of oscillator output (accounting for 
test probe capacitance). 


SDA 
MASTER 
TRANSMITTER/ 
RECEIVER 


Vpp 
co 


i R Hl R R: pull-up resistor 
Cpus 


MBD825 


Fig.23 Application diagram. 
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DIP 

Soldering by dipping or by wave 
Repairing soldered joints 

SO 

Reflow soldering 

Wave soldering 
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1 


I2C-bus interface 


FEATURES 


Low power CMOS: 


— maximum operating current: 
2.0 mA (PCF8582C-2) 
2.5 mA (PCF8594C-2) 
4.0 mA (PCF8598C-2) 


— maximum standby current 10 A (at 6.0 V), 
typical 4 nA 


Non-volatile storage of: 

— 2kbits organized as 256 x 8-bit (PCF8582C-2) 
— 4kbits organized as 512 x 8-bit (PCF8594C-2) 
— 8 kbits organized as 1024 x 8-bit (PCF8598C-2) 
Single supply with full operation down to 2.5 V 
On-chip voltage multiplier 

Serial input/output I?C-bus 

Write operations: 

— byte write mode 


— 8-byte page write mode 
(minimizes total write time per byte) 


Read operations: 

— sequential read 

— random read 

Internal timer for writing (no external components) 
Power-on-reset 


3 QUICK REFERENCE DATA 


SYMBOL PARAMETER CONDITIONS 
supply voiage ee 


| supply current read 


supply current E/W 
PCF8582C-2 


PCF8594C-2 


PCF8598C-2 
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fsc_ = 100 kHz 


fsci = 100 kHz 


e High reliability by using a redundant storage code 


e Endurance: 1000000 Erase/Write (E/W) cycles at 
Tambo ce GC 


e 10 years non-volatile data retention time 


e Pin and address compatible to: PCF8570, PCF8571, 
PCF8572 and PCF8581. 


2 GENERAL DESCRIPTION 


The PCF85xxC-2 is a family of floating gate Electrically 
Erasable Programmable Read Only Memories 
(EEPROMSs) with 2, 4 and 8 kbits (256, 512 and 

1024 x 8-bit). By using an internal redundant storage code 
it is fault tolerant to single bit errors. This feature 
dramatically increases the reliability compared to 
conventional EEPROMs. Power consumption is low due to 
the full CMOS technology used. The programming voltage 
is generated on-chip, using a voltage multiplier. 


As data bytes are received and transmitted via the serial 
I2C-bus, a package using eight pins is sufficient. Up to 
eight PCF85xxC-2 devices may be connected to the 
l2C-bus. Chip select is accomplished by three address 
inputs (AO, A1 and A2). 


Timing of the E/W cycle is carried out internally, thus no 
external components are required. Pin 7 (PTC) must be 
connected to either Vpp or left open-circuit. There is an 
option of using an external clock for timing the length of an 
E/W cycle. 


Vpp = 2.5 V 


Vpp = 6 V 


Vpp = 2.5 V 
Vpp = 6 V 
Vpp = 2.5 V 
Vpp =6 V 
Vpp =2.5 V 
Vpp =6 V 
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4 ORDERING INFORMATION 


} NAME | DESCRIPTION | VERSION | 


plastic dual in-line package; 8 leads (300 mil) 


SOT97-1 


plastic small outline package; 8 leads (straight); body width 3.9 mm SOT96-1 


plastic small outline package; 8 leads; body width 7.5 mm SOT176-1 


5 DEVICE SELECTION 


Table 1 Device selection code 


SELECTION DEVICE CODE 


: 


Note 
1. The Most Significant Bit (MSB) ‘b7’ is sent first. 
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PCF85xxC-2 


The pin numbers in this block diagram refer to the PCF8582C-2. 
For PCF8594C-2 and PCF8598C-2 please see Chapter 7. 


Fig.1 Block diagram. 


ADDRESS SHIFT ADDRESS EE 
SWITCH REGISTER POINTER CONTROL 


y 
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7 PINNING 
7.1 Pin description PCF8582C-2 


DESCRIPTION. 


address input 0 
2 


Ex 
em 


MGD928 


serial clock input (I@C-bus) 
7 | programming time control output 
eS positive supply voltage 


7.2 Pin description PCF8594C-2 


[swweot| P| ——_OESCRIPTON 


Fig.2 Pin configuration PCF8582C-2. 


A2 


MGLOO1 


|, 6 serial clock input (I@C-bus) 
programming time control output 
eB positive supply voltage 


7.3 Pin description PCF8598C-2 


fsmeo. [PN [DESCRIPTION 
address input 2 
S 


ISDA | 5 serial data input/output (I2C-bus) 
L 


Fig.3 Pin configuration PCF8594C-2. 


5 . . 

| 6 | serial clock input (I@?C-bus) 

programming time control output 
| 8 | positive supply voltage 


MGLO02 


Fig.4 Pin configuration PCF8598C-2. 
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8 |?C-BUS PROTOCOL 


The |2C-bus is for 2-way, 2-line communication between 
different ICs or modules. The serial bus consists of two 
bidirectional lines: one for data signals (SDA), and one for 
clock signals (SCL). 


Both the SDA and SCL lines must be connected to a 
positive supply voltage via a pull-up resistor. 


The following protocol has been defined: 


e Data transfer may be initiated only when the bus is not 
busy. 


e During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
control signals. 


8.1 Bus conditions © 


The following bus conditions have been defined: 
e Bus not busy: both data and clock lines remain HIGH. 


e Start data transfer: a change in the state of the data 
line, from HIGH-to-LOW, while the clock is HIGH, 
defines the START condition. 


Stop data transfer: a change in the state of the data 
line, from LOW-to-HIGH, while the clock is HIGH, 
defines the STOP condition. 


e Data valid: the state of the data line represents valid 
data when, after a START condition, the data line is 
stable for the duration of the HIGH period of the clock 
signal. There is one clock pulse per bit of data. 


8.2 Data transfer | 


Each data transfer is initiated with a START condition and 
terminated with a STOP condition. The number of the data 
bytes, transferred between the START and STOP 
conditions is limited to 7 bytes in the E/W mode and 

8 bytes in the page E/W mode. 
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Data transfer is unlimited in the read mode. | 
The information is transmitted in bytes and each receiver 
acknowledges with a ninth bit. | 


Within the I2C-bus specifications a low-speed mode (2 kHz 
clock rate) and a high speed mode (100 kHz clock rate) 
are defined. The PCF85xxC-2 operates in both modes. 


By definition a device that sends a signal is called a 


‘transmitter’, and the device which receives the signal is 
called a ‘receiver’. The device which controls the signal is 
called the ‘master. The devices that are controlled by the 
master are called ‘slaves’. ? 


Each byte is followed by one acknowledge bit. This 
acknowledge bit is a HIGH level, put on the bus by the 
transmitter. The master generates an extra acknowledge 
related clock pulse. The slave receiver which is addressed 
is obliged to generate an acknowledge after the reception 
of each byte. 


The master receiver must generate an acknowledge after 
the reception of each byte that has been clocked out of the 
slave transmitter. 


The device that acknowledges has to pull down the SDA 


line during the acknowledge clock pulse in such a way that 


the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse. 


Set-up and hold times must be taken into account. 

A master receiver must signal an end of data to the slave 
transmitter by not generating an acknowledge on the last 
byte that has been clocked out of the slave. In this event 

the transmitter must leave the data line HIGH to enable the 
master generation of the STOP condition. 
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8.3. Device addressing 


Following a START condition the bus master must output 
the address of the slave it is accessing. The 4 MSBs of the 
slave address are the device type identifier (see Fig.5). 
For the PCF85xxC-2 this is fixed to ‘1010’. 


The next three significant bits address a particular device 
or memory page (page = 256 bytes of memory). A system 
could have up to eight PCF8582C-2 (or four PCF8594C-2 
containing two memory pages each or two PCF8598C-2 

containing four memory pages each, respectively) devices 
on the bus. The eight addresses are defined by the state 
of the AO, A1 and A2 inputs. 


The last bit of the slave address defines the operation to 
be performed. When set to logic 1 a read operation is 
selected. 


Address bits must be connected to either Vpp or Vgs. 


Soe er 


MBC793 


Fig.5 Slave address. 


8.4 Write operations 


8.4.1 BYTE/WORD WRITE 


For a write operation the PCF85xxC-2 requires a second 
address field. This address field is a word address 
providing access to the 256 words of memory. Upon 
receipt of the word address the PCF85xxC-2 responds 
with an acknowledge and awaits the next eight bits of data, 
again responding with an acknowledge. Word address is 
automatically incremented. The master can now terminate 
the transfer by generating a STOP condition or transmit up 
to six more bytes of data and then terminate by generating 
a STOP condition. 
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After this STOP condition the E/W cycle starts and the bus 
is free for another transmission. Its duration is 10 ms per 
byte. 


During the E/W cycle the slave receiver does not send an 
acknowledge bit if addressed via the I?C-bus. 


8.4.2 PAGE WRITE 


The PCF85xxC-2 is capable of an eight-byte page write 
operation. It is initiated in the same manner as the byte 
write operation. The master can transmit eight data bytes 
within one transmission. After receipt of each byte the 
PCF85xxC-2 will respond with an acknowledge. 

The typical E/W time in this mode is 9 x 3.5 ms = 31.5 ms. 
Erasing a block of 8 bytes in page mode takes typical 
3.5 ms and sequential writing of these 8 bytes another 
typical 28 ms. 


After the receipt of each data byte the three low order bits 
of the word address are internally incremented. The high 
order five bits of the address remain unchanged. The slave 
acknowledges the reception of each data byte with an 
ACK. The |?C-bus data transfer is terminated by the 
master after the 8th byte with a STOP condition. If the 
master transmits more than eight bytes prior to generating 
the STOP condition, no acknowledge will be given on the 
ninth (and following) data bytes and the whole 
transmission will be ignored and no programming will be 
done. As in the byte write operation, all inputs are disabled 
until completion of the internal write cycles. 


8.4.3 REMARK 


A write to the EEPROM is always performed if the pin WP 
is LOW (not on PCF8582C-2). If WP is HIGH, then the 
upper half of the EEPROM is write-protected and no 
acknowledge will be given by the PCF85xxC-2 when one 
of the upper 256 EEPROM bytes (PCF8594C-2) or 

512 EEPROM bytes (PCF8598C-2) is addressed. 
However, an acknowledge will be given after the slave 
address and the word address. 
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acknowledge ew acknowledge. acknowledge acknowledge 
from slave from slave ' from slave - from slave 


SLAVE ADDRESS 0) WORD ADDRESS DATA DATA 


auto increment auto increment 
word address word address 


MBA701 


Fig.6 Auto increment memory word address; two byte write. 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from slave 


SLAVE ADDRESS jo|| WORD ADDRESS | DATA N DATA N+1 = , 


auto increment auto increment 
word address word address 


acknowledge 
from slave 


ew COCN 


L—_ last byte 


auto increment 


MBA702 
. word address 


Fig.7 Page write operation; eight bytes. 
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8.5 Read operations 8.5.1 REMARK 

Read operations are initiated in the same manner as write The lower 8 bits of the word address are incremented after 
operations with the exception that the LSB of the slave each transmission of a data byte (read or write). The MSB 
address is set to logic 1. of the word address, which is defined in the slave address, 


is not changed when the word address count overflows. 
Thus, the word address overflows from 255 to 0 and from 
511 to 256. 


There are three basic read operations; current address 
read, random read and sequential read sequential read. 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from master 


SLAVE ADDRESS 0 WORD ADDRESS SLAVE ADDRESS 1 DATA ey oy 
at this moment master W n bytes ace 


transmitter becomes auto increment 
master receiver and word address 
EEPROM slave receiver 

becomes slave transmitter 


no acknowledge 
from master 


ae POC T SNA Ea 


-——_§ fast byte 


auto increment 


MBA703 - 1 
meee word address 


Fig.8 Master reads PCF85xxC-2 slave after setting word address (write word address; read data). 


acknowledge acknowledge no acknowledge 
from slave from master from master 


SLAVE ADDRESS 1 DATA DATA Higa 
_ u—— nbytes ao -__. last bytes oot 
R/W 


auto increment auto increment 
word address word address 


MBA704 - 1 


Fig.9 Master reads PCF85xxC-2 immediately after first byte (read mode). 
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9 LIMITING VALUES 


a0 [+ 


10 CHARACTERISTICS | 
Vpp = 2.5 to 6.0 V; Vsg = 0 V; Tamb = —40 to +85 °C; unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS | MIN. 


Supplies . | | 
supply current read fgc_ = 100 kHz 
| Vpp = 2.5 V 
Vpp = 6.0 V 
supply current E/W fgc_ = 100 kHz 
PCF8582C-2 Vpp = 2.5 V 
| Vpp = 6.0 V 
PCF8594C-2 Vpp = 2.5 V 
Vpp =6.0V 
PCF8598C-2 Vpp = 2.5 V 


standby supply current , : 


PTC output (pin 7) 


LOW level input voltage 
HIGH level input voltage 


SCL input (pin 6) 
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eee an eens a Ce (aaa 
Vor [LOW evel output wotage Sida = mAVoomm (= dad 
[ho output leakage current. —————SS~dVon= Void 
fc [inputeapactance ———=—SS~w = Vg = SSSC*d 


Data retention time 


ts data retention time Tampe55.°C 


11 I?C-BUS CHARACTERISTICS 
All of the timing values are valid within the operating supply voltage and ambient temperature range and refer to Vi_ and 
Vin with an input voltage swing from Vgs to Vpp; see Fig.10. 


SYMBOL PARAMETER CONDITIONS 
fsci clock frequency 


tBuF bus free time between a STOP and START 
condition 

tuD:STA START condition hold time after which first clock 
pulse is generated 


LOW level clock period 
HIGH level clock period 


set-up time for STARt condition repeated start 


tHD:DAT data hold time 
for bus compatible masters 
for bus devices 


ie So SDA and SCL rise time 


t 

ty SDA and SCL fall time 
set-up time for STOP condition 
Note 


1. The hold time required (not greater than 300 ns) to bridge the undefined region of the falling edge of SCL must be 
internally provided by a transmitter. 
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12 WRITE CYCLE LIMITS 
Selection of the chip address is achieved by connecting the AO, A1 and A2 inputs to either Vss or Vpp. 


[swweot] —Parawerer | _conomons | wm | Twp | wax | UNT 


fextemalciock =i SSC*dS*dO 


EW cycle per byte Tamb = —40 to +85 °C 100000 |- —s_—i 
13 EXTERNAL CLOCK TIMING 


cycles 
cycles 


= ss 
[Tamb=22°C |= | 1000000] 


STOP MBA697 


Fig.11 One byte E/W cycle. 


nx 256 + 1 


STOP MBA698 


Fig.12 n bytes E/W cycle (n = 2 to 7). 
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MBA699 


Fig.13 Page mode. 


SLAVE ADDRESS WORD ADDRESS 


EINNIONd SS DONNNEON 000738 NE= ZN 


undefined 


clock (2) 
clock (3) 
negative edge clock (4) 


SCL 8-bit 
MBA700 


If an external clock is chosen, this information is latched internally by setting pin 7 (PTC) LOW after transmission of the eighth bits of the word 
address (negative edge of SCL). Thus the state of pin 7 may be previously undefined. Leaving pin 7 LOW causes a higher standby current. 


1-byte programming. 
2-byte programming. 
One page (8 bytes) programming. 


Fig.14 External clock. 
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GENERAL DESCRIPTION 


The LED-driver is a bipolar integrated circuit made in an 
IL compatible 18 volts process. The circuit is especially 
designed to drive four 7-segment LED displays with 
decimal point by means of multiplexing between two pairs 
of digits. It features an I@C-Bus slave transceiver interface 
with the possibility to program four different SLAVE 
ADDRESSES, a POWER RESET flag, 16 current sink 
OUTPUTS, controllable by software up to 21 mA, two 
multiplex drive outputs for common anode segments, an 
on-chip multiplex oscillator, control bits to select static, 
dynamic and blank mode, and one bit for segment test. 


QUICK REFERENCE DATA 


PARAMETER CONDITIONS| SYMBOL | MIN, | TYP. | MAX. UNIT 
Vee 45 5 15 V 


Supply voltage 
Supply current all outputs OFF 
Total power dissipation 


24-lead DIL (SOT101B) 

24-lead DIL SO (SOT137A) 
Operating ambient 

temperature range 


Note 
1. The positive current is defined as the conventional current flow into a device (sink current). 


PACKAGE OUTLINE 
SAA1064: 24-lead DIL; plastic with internal heat spreader (SOT101B); SOT101-1; 1996 August 30. 
SAA1064T: 24-lead mini-pack; plastic (SO-24; SOT137A); SOT137-1; 1996 August 30. 
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Fig.1 Block diagram. 
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PINNING 


: 
112 | ground 


240 


SAA1064 


7281283 


Fig.2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 


is{o. 1110 a1 ao 1/alPR 000000 o|ilP 


slave address status byte 
a. READ mode. 


}s]o 1110 A1 ao o/Alo 0 0.0 0 SC SB SAJA|X C6 C5 C4 C3 C2 CI cola 


slave address . instruction byte control byte 


datadigit) data digit 2 data digit 3 data digit 4 


b. WRITE mode. 


S = start condition A1, AO = programmable address bits 
P = stop condition SCSBSA_ =subaddress bits 

A = acknowledge C6 to CO = control bits 

X = don’t care PR = POWER RESET flag 


Fig.3 12C-Bus format. 


Address pin ADR 


Four different slave addresses can be chosen by connecting ADR either to Veg, 3/8 Vcc, 5/8 Vcc or Vcc. This results in 
the corresponding valid addresses HEX 70, 72, 74 and 76 for writing and 71, 73, 75 and 77 for reading. All other 
addresses cannot be acknowledged by the circuit. 
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Status byte 


Only one bit is present in the status byte, the POWER RESET flag. A logic 1 indicates the occurence of a power failure 
since the last time it was read out. After completion of the READ action this flag will be set to logic 0. 


Subaddressing 


The bits SC, SB and SA form a pointer and determine to which register the data byte following the instruction byte will 
be written. All other bytes will then be stored in the registers with consecutive subaddresses. This feature is called 
Auto-Increment (Al) of the subaddress and enables a quick initialization by the master. 

The subaddress pointer will wrap around from 7 to 0. 

The subaddresses are given as follows: 


control register 
digit 1 

| digit 2 
digit 3 
digit 4 
reserved, not used 
reserved, not used 
reserved, not used 


0 
0 
0 
0 
1 
1 
1 
1 


—~ «+ Oo--=---00 
- OO + OF = CO =— CO 


Control bits (see Fig.4) 
The control bits CO to C6 have the following meaning: 
CO =0 static mode, i.e. continuous display of digits 1 and 2 
CO =1 dynamic mode, i.e. alternating display of digit 1 + 3 and2 +4 
Ci =0/1 digits 1 + 3 are blanked/not blanked 
C2 = 0/1 digits 2 + 4 are blanked/not blanked 


C3 = 1 all segment outputs are switched-on for segment test‘) 
C4=1 adds 3 mA to segment output current 

C5=1 adds 6 mA to segment output current 

C6 = 1 adds 12 mA to segment output current 

Note 


1. Ata current determined by C4, C5 and Cé. 


Data 


A segment is switched ON if the corresponding data bit is logic 1. Data bits D17 to D10 correspond with digit 1, D27 to 
D20 with digit 2, D37 to D30 with digit 3 and D47 to D40 with digit 4. 


The MSBs correspond with the outputs P8 and P16, the LSBs with P1 and P9. Digit numbers 1 to 4 are equal to their 
subaddresses (hex) 1 to 4. 
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SDA, SCL 

The SDA and SCL I/O meet the I2C-Bus specification. For protection against positive voltage pulses on these inputs 
voltage regulator diodes are connected to Veg. This means that normal line voltage should not exceed 5,5 volt. Data will 
be latched on the positive-going edge of the acknowledge related clock pulse. 

Power-on reset 

The power-on reset signal is generated internally and sets all bits to zero, resulting in a completely blanked display. Only 
the POWER RESET flag is set. | : 

External Control (Cexr) 

With a capacitor connected to pin 2 the multiplex frequency can be set (see Fig.5). When static this pin can be connected 
to Vee or Voc or left floating since the oscillator will be switched off. 

Segment outputs 

The segment outputs P1 to P16 are controllable current-sink sources. They are switched on by the corresponding data 
bits and their current is adjusted by control bits C4, C5 and C6. 

Multiplex outputs 


The multiplex outputs MX1 and MX2 are switched alternately in dynamic mode with a frequency derived from the 
clock-oscillator. In static mode MX1 is switched on. The outputs consist of an emitter-follower, which can be used to drive 
the common anodes of two displays directly provided that the total power dissipation of the circuit is not exceeded. If this 
occurs external transistors should be connected to pins 11 and 14 as shown in Fig.5. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


PARAMETER CONDITIONS SYMBOL 


Supply voltage (pin 13) Vec 
Supply current (pin 13) lec 
Total power dissipation 
24-lead DIL (SOT101B) Prot 
24-lead SO (SO137A) Prot 
SDA, SCL voltages Ver=0V Vo3, 24 
Voltages ADR-MX1 and MX2-P16 Ver=O0V V4-11, V44-20 
Input/output current all pins outputs OFF + Ivo 
Operating ambient 
temperature range aga 
Storage temperature range T stg 
THERMAL RESISTANCE 
From crystal to ambient 
24-lead DIL Rth j-a 35 K/W 
24-lead SO (on ceramic substrate) Rth j-a 75 KW 
24-lead SO (on printed circuit board) Rth j-a ~ 105 K/W 
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CHARACTERISTICS 
Voc =5V; Tamb = 25 °C; voltages are referenced to ground (Veg - 0 V); unless otherwise specified 


| PARAMETER CONDITIONS | SYMBOL 


Supply 
Supply voltage (pin 13) 
Supply current all outputs OFF 
| Voc =5V 
Power dissipation all outputs OFF 
SDA; SCL (pins 23 and 24) 
Input voltages 
Logic input voltage LOW 
Logic input voltage HIGH 
Input current LOW V23,04 = VEE 
Input current HIGH Vo23,24 = Voc 
SDA 
Logic output voltage LOW lo=3mA 
Output sink current 
Address input (pin 1) 
Input voltage 
programmable address bits: 
A0 =0; A1 =0 VEE 3/16Vcc 
AQ= 1° AL=0 5/16Vcc 7/16Vcc 
AO =0; Al =1 9/16Vcc 11/16Vcc 
AO = 1; At =" 13/16Vcc Voc 
Input current LOW — 10 
Input current HIGH = — 10 
External control (Cexz) pin 2 
Switching level input 
Input voltage LOW 
Input voltage HIGH 
Input current 


February 1991 650 


Philips Semiconductors . Product specification 


4-digit LED-driver with I?C-Bus interface SAA1064 


PARAMETER CONDITIONS | SYMBOL 


Segment outputs 
(P8 to P1; pins 3 to 10) 
P9 to P16; pins 15 to 22) 
Output voltages 
Output leakage current HIGH 
Output current LOW 
All control bits (C4, C5 
and C6) are HIGH 
Contribution of: 
control bit C4 
control bit C5 
control bit C6 
Relative segment output 
current accuracy 
with respect to highest value 
Multiplex 1 and 2 (pins 11 
and 14) 
Maximum output voltage 
(when ON) —lwpx = 50 mA 
Maximum output current HIGH 
(when ON) Vupx =2V 
Maximum output current LOW 
(when OFF) Vo=2V 
Multiplex output period Cext = 2.7 nF 


Multiplexed duty factor 


* Value to be fixed. 
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DETAIL aa clock frequency /64 —— a 


MUX 


MX1 


7281284 


Fig.4 Timing diagram. 
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APPLICATION INFORMATION 


SCL SDA 
24 23 22 


SCL SDA P16 P15 P14 = P13 


SAA1064 


7281285 


Fig.5 Dynamic mode application diagram. 
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SCL SDA 


24 23 22 21 
SCL SDA P16 P15 


7281286.1 


Fig.6 Static mode application diagram. 
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POWER DISSIPATION 


The total maximum power dissipation of the SAA1064 is made up by the following parts: 
1. Maximum dissipation when none of the outputs are programmed (continuous line in Fig.7). 


2. Maximum dissipation of each programmed output. The dashed line in Fig.7 visualises the dissipation when all the 
segments are programmed (max. 16 in the static, and max. 32 in the dynamic mode). When less segments are 
programmed one should take a proportional part of the maximum value. 


3. Maximum dissipation of the programmed segment drivers which can be expressed as: 
Padd = Vox lo xN. 
Where: Pada = The additional power dissipation of the segment drivers 
Vo =. The low state segment driver output voltage 
lo = The programmed segment output current 
N = The number of programmed segments in the static mode, or half the number of 


programmed segment drivers in the dynamic mode. 


Under no conditions the total maximum dissipation (500 mW for the SO and 1000 mW for the DIL package) should be 
exceeded. 


Example: Vcc = 5V 
Vo = 0.25V 
lo = 12mA 


24 programmed segments in dynamic mode 

Prot = Py +Po2+P3 

75 mW + (50 * 24/32) mW + (0.25 * 12.103 * 12) mW 
148.5 mW 
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4-digit LED-driver with I@C-Bus interface 


dissipation 


(1) All outputs programmed (no segment current sink). 


(2) Outputs not programmed. 


Fig.7 SAA1064 power dissipation as a function of supply voltage. 
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Tuner switching circuit SAA1300 


The SAA1300 is for switching on and off the supply lines 
of various circuit parts via an IC bus signal. Furthermore, 
it can be used to supply current for switching diodes in 
radio and television tuners. It contains 5 output stages, 
which are capable of supplying up to 85 mA in the ON state 
or sinking up to —100 uA in the OFF state. 


Current limiting and short-circuit protection are included. 
The output stages are driven by a shift register/latch 
combination which is loaded via data from the I?C bus. A 
power-on reset of the latches ensures the OFF state of the 
output stages (OUT 2 to OUT 5) without data reception 
from the I2C bus. A subaddressing system allows the 
connection of up to three circuits on the same |2C bus 
lines; one of the outputs (OUT 1, pin 7) can also be used 
as an input to select the device via a simple internal A/D 
converter. 


OUT 1 OUT 2 OUT 3 OUT 4 OUT 5 


AfD 
CONVERTER 
POWER-ON 
RESET 


RECEIVER 


ADDRESS 
DECODER 
(Bx) 


SAA1300 


72855676.) 


Fig.1 Block diagram. 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT142); SOT142-1; 1996 September 05. 
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SYMBOL 


a 
postive suppl 


serial data line 
serial clock line 


I2C BUS INFORMATION 
Address, first byte 
01000AB0 where, 


FUNCTION 
general address 
OUT 1 = input 
OUT 1 = input 
OUT 1 = input 


CONDITION 


OUT 1 = output | 

address accepted if Vout 1 = Vout L (LOW) 
address accepted if Vout 1 = Vout H (HIGH) 
address accepted if Vout 1 = Vout m (MEDIUM) 


- — © oO]; Pp 
- Oo — © 


Data, second byte 
OUT 5, OUT 4, OUT 3, OUT 2, OUT 1, X, X, X 


The I/O output stage (OUT 1) is switched as an input stage after a power-on reset. It depends on the contents of the first 
data transmission whether the output stage is switched as an output or remains as an input. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 13,2 V 
Input voltage range at SDA, SCL Vi —~05to+6,0 V 
Input voltage range at OUT 1 Vv; -0,5to+12,5 V 
Output voltage range at OUT 1 to OUT 5 Vo —0,5to+12,5 V 
Input current at SDA, SCL r max. 20 mA 
Input current at OUT 1 i max. 20 mA 
Total power dissipation Prot max. 825 mW 
Storage temperature range T stg -40to+125 °C 
Operating ambient temperature ranges Tamb 20 to + 80 °C 
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CHARACTERISTICS 
Vp =8 V; Tamb = 24 °C; unless otherwise specified 


[ananere «| Sw | wn | TP | wax | UW 


Supply (pin 2) 
Supply voltage range 
Supply current 
5 outputs LOW 
5 outputs HIGH 
Power on reset level output stage in “OFF” condition 


Maximum power dissipation ) 


Inputs SDA, SCL (pins 8 and 9) 
Input voltage HIGH 
Input voltage LOW 
Input current HIGH 
Input current LOW 
Acknowledge sink current 
Maximum input frequency 
Outputs OUT 1 to OUT 5 (pins 3 to 7) 
Maximum output current; source: “ON” 
Maximum output current; source: “ON” 
Tamb = 80 °C 
Output voltage HIGH 
at loso = 85 MA 
Output current; sink “OFF” 
Output voltage LOW 
at logi = -100 uA 
Output voltage MEDIUM 
at lo =10mMA 
OUT 1 used as subaddressing input 
Input voltage HIGH (code 1 0) VouT 4H 
Input voltage MEDIUM (code 1 1) Vout 1M 
Input voltage LOW (code 0 1) VouT iL 


Note 
1. Outputs must not be driven simultaneously at maximum source current. 
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FEATURES 


Voc generation (5 V 5%, 20 mA maximum with 
controlled rise and fall times) 


Clock generation (up to 8 MHz), with two times 
synchronous frequency doubling 


Clock STOP HIGH, clock STOP LOW or 1.25 MHz (from 
internal oscillator) for cards power-down mode 


Specific UART on I/O for automatic direct/inverse _ 
convention settings and error management at 
character level 


Automatic activation and deactivation sequences 
through an independent sequencer 


Supports the protocol T = 0 in accordance with 

ISO 7816, GSM11.11 requirements (Global System for 
Mobile communication); and EMV banking specification 
approved for Final GSM11.11 Test Approval (FTA) 


Several analog options are available for different 
applications (doubler or tripler DC/DC converter, card 
presence, active HIGH or LOW, threshold voltage 
supervisor, etc. 


Overloads and take-off protections 

Current limitations in the event of short-circuit 

Special circuitry for killing spikes during power-on or off 
Supply supervisor 

Step-up converter (supply voltage from 2.5 to 6 V) 


Power-down and sleep mode for low-power 
consumption 


Enhanced ESD protections on card side 
(6 kV minimum) 


Control and communication through a standard RS232 
full duplex interface 


Optional additional I/O ports for: 
— keyboard 

— LEDs 

— display 

— etc. 


80CL51 microcontroller core with 4 kbytes ROM and 
256-byte RAM. 
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APPLICATIONS 


e Portable smart card readers for protocol T = 0 
e GSM mobile phones. 


GENERAL DESCRIPTION 


The TDA8005 is a low cost card interface for portable 
smart card readers. Controlled through a standard serial 
interface, it takes care of all ISO 7816 and GSM11-11 
requirements. It gives the card and the set a very high level 
of security, due to its special hardware against ESD, 
short-circuiting, power failure, etc. Its integrated step-up | 
converter allows operation within a supply voltage range of 
2.5 to 6 V. 


The very low-power consumption in Power-down and 
sleep modes saves battery power. A special version where 
the internal connections to the controller are fed outside 
through pins allows easy development and evaluation, 
together with a standard 80CL51 microcontroller. 


Development tools, application report and support 
(hardware and software) are available. 


The device can be supplied either as a masked chip with 
standard software handling all communication between | 
smart card and a master controller in order to make the 
application easier, or as a maskable device. 
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QUICK REFERENCE DATA 


SYMBOL PARAMETER CONDITIONS 
supply voltage doubler and tripler option 
supply current in power-down mode | Vpp = 5 V; card inactive 


DD 
supply current in sleep mode doubler | card powered but clock 
stopped 
( 
C 
C 
R 


ve [ wax. [uN 


nal all 
ae 
[20 [ma 


so 


500 
500 
5.5 
5.25 
20 
30 


go 


= 
> 


IDD(sm) supply current in sleep mode tripler | card powered but clock 
stopped 

Ve 
capacitor 

lc 

S 

f 


supply current in operating mode unloaded; fra) = 13 MHz; 


fuc = 6.5 MHz; 
feara = 3.25 MHz 


ae eae 
card supply voltage including static and 4.75 5.0 

dynamic loads on 100 nF mr | 

a a 

aa Eee 

slew rate on Vcc (rise and fall) maximum load capacitor 

ae en 

Fan ae 

C= [ae 

a aa 


150 nF (including typical 
100 nF decoupling) 


activation cycle duration ee 
faa ferystalfrequency | 
Tone [operatingambient temperature 


ORDERING INFORMATION 


eUpe PACKAGE 
NUMBER | NAME | DESCRIPTION | VERSION 


TDA8005G LQFP64 | plastic low profile quad flat package; 64 leads; body 10 x 10 x 1.4 mm SOT314-2 


TDA8005H QFP44 | plastic quad flat package; 44 leads (lead length 1.3 mm); SOT307-2 
body 10 x 10 x 1.75 mm 
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BLOCK DIAGRAM 
Vppp | 47nF 47 nF 
100 nF 
ma \ $1 $2 $3 S4 


VpDA 64 l6t 3 
25t06V 
ae = a 
aiaees INTERNAL 


REFERENCE 


STEP-UP CONVERTER 


$5 


a 47 nF 
DELAY 46 VOLTAGE SENSE INTERNAL OSCILLATOR 
I; 2.3to2.7V 25 MHz I 
. alarm V , 
DDD 
RESET - TDA8005G 
pound LIS 
RxD 
oe CONTROLLER Voc 58 | Voc 
. ood GENERATOR ere 
AUX1 . RST 
ee 4 kbytes ROM 
33 , 
reel ee | 
256-byte RAM 
30 RST 
BUFFER RST 
POO OPTIONAL 
to PORTS 
a BUFFER 
‘ 
PERIPHERAL CLOCK 57 Aik 
INTERFACE | i: BUFFER 
EXTENSION 
53 |s2 [51 [50 [40 
XTAL1 XTAL2 KO Ki K2 K3 K4 K5 


OUTPUT PORT 
DGND AGND 


Vopp oo 
skill 


MLD210 


(1) For details see Chapter “Pinning”. 


Fig.1 Block diagram (LQFP64; SOT314-2). 
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PINNING 


SYMBOL DESCRIPTION 


LQFP64 
SOT314-2 


QFP44 
SOT307-2 
not connected 


AGND analog ground 


ee) 


” = 
oO 


contact 3 for the step-up converter 


K5 output port from port extension 
POS general purpose I/O port (connected to P03) 
P02 general purpose I/O port (connected to P02) 


-_ 


5 5 
° © 


01 general purpose I/O port (connected to PO1) 


not connected 


general purpose I/O port (connected to POO) 
7 digital supply voltage 
not connected 


Vppp 


TEST1 
Pi 
P12 
P13 
P14 


—_ 
N 


test pin 1 (connected to P10; must be left open-circuit in the application) 
general purpose I/O port or interrupt (connected to P11) 


F 


10 general purpose I/O port or interrupt (connected to P12) 
11 general purpose |/O port or interrupt (connected to P13) 
12 general purpose I/O port or interrupt (connected to P14) 
not connected 

general purpose I/O port or interrupt (connected to P15) 


: 


— 


a 
Oo 


P15 
P16 
TEST2 
P17 
RESET 


13 
14 general purpose I/O port or interrupt (connected to P16) 


20 15 test pin 2 (connected to PSEN; must be left open-circuit in the application) 


— 


general purpose I/O port or interrupt (connected to P17) 


22 17 input for resetting the microcontroller (active HIGH) 


NO 
wo 


not connected 
not connected 


Ke) 
Ol 


not connected 


NO 
Oo 


not connected 


NO 
~] 


not connected 


Oo . 


Rx 
TxD 
INT1 


28 
9 
30 


18 
19 
0 general purpose I/O port or interrupt (connected to P33) 

general purpose I/O port (connected to P34) 

22 push-pull auxiliary output (t5 mA; connected to timer T1 e.g. P35) 
23 push-pull auxiliary output (t5 mA; connected to timer P36) 

4 general purpose I/O port (connected to P37) 

5 
6 
27 


serial interface receive line 


NO 


serial interface transmit line 


4 
>) 
NO 


a) U 
oO 
2 4 


wo 
— 


NO 
— 


AUX1 
AUX2 


G) | 
G) | PO 


NO pe ee ee Se ee ee ee ee wk | eh 


34 
35 
36 
37 


NO 


XTAL2 
XTAL1 
DGND 


Nh 


crystal connection 


NO 


XS }/5D};5D/5/5 
OfFarlraysayis,oa 
NO 
& 
—_ 
oO) 


crystal connection or external clock input 
digital ground 


® 
©O 


not connected 
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SYMBOL LOFP64 OFP44 DESCRIPTION 
SOT314-2 | SOT307-2 


general purpose I/O port (connected to P20) 
general purpose I/O port (connected to P21 
( 


) 
| ? 
card presence contact input (active HIGH or LOW by mask option) 
eer ication) 


ALARM 


nc 
Ka 
Ko 
Ke 
Ki 
KO 


P 
P 
p 
p 
n 
K 
K 
K 
K 
| 

C 
V 
L 
S 
S 
S 


TESTA 
supply for low-impedance on cards contacts 
a4 


28 
29 
30 
3 
32 
33 
1 
34 
35 
36 
37 
38 
3 
40 
1 4 
42 
4 


39 
40 
4 

42 
43 
44 
45 
46 
47 
48 
49 
50 
5 

52 
53 
54 
55 
56 
57 
58 
59 
6 

62 
63 


1 
9 
1 
3 


20 
21 
22 
23 
C: 
4 
3 
K2 
1 
0 
/O 
RST 
LK 
cc 
IS 
5 
2 
4 
S1 


VppDA 


64 
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< 
0 
0 
iw) 


n.c 


4 
5 
6 | 
EI 
EI 
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56] RST 


TDA8005G 


TEST2 | 20] 


Fig.2 Pin configuration (LQFP64; SOT314-2). 
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155] VO 


154| TEST4 


AUX1 | 32| 


TDA8005 


'48| TEST3 
PRES 
DELAY 
45 | n.c. 
ALARM 
P23 
P22 
41| P21 
140 | P20 
n.c. 
n.c. 


DGND 
XTAL1 


XTAL2 


P37 


AUX2 


MLD211 
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VppDA 
TEST4 


S4 
S2 
Voc 
CLK 
RST 
V0 


LIS 


40] $5 


es 
” 
vt 


AGND TEST3 
$3 PRES 
P03 DELAY 
Po2 P23 
Pot P22 
poo [6 TDA8005H P29 

V ppp DGND 

TEST1 | 8. XTAL1 
P11] 9) 25| XTAL2 
P12 P37 
P13 AUX2 


MLD212 


P14 

P15 

P16 

P17 

RxD 
TxD 

INT1 
TO 


AUX1 


N 
Ee 
Y) 
Lh 
_ 


Fig.3 Pin configuration (QFP44; SOT307-2). 


RESET 
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FUNCTIONAL DESCRIPTION 
Microcontroller 


The microcontroller is an 80CL51 with 256 bytes of RAM 
instead of 128. The baud rate of the UART has been 
multiplied by four in modes 1, 2 and 3 (which means that 
the division factor of 32 in the formula is replaced by 8 in 
both reception and transmission, and that in the reception 
modes, only four samples per bit are taken with decision 
on the majority of samples 2, 3 and 4) and the delay 
counter has been reduced from 1536 to 24. 


Remark: this has an impact when getting out of 
PDOWN mode. It is recommended to switch to internal 
clock before entering PDOWN mode 

(see “application report’). 


All the other functions remain unchanged. Please, refer to 
the published specification of the 80CL51 for any further 
information. Pins INTO, P10, P04 to PO7 and P24 to P27 
are uSed internally for controlling the smart card interface. 


Mode 0 is unchanged. The baud rate for modes 1 and 3 is: 


p- MOD f 
5 clk 
8 12x (256-TH1 ) 
SMOD 
The baud rate for mode 2 is: 16 x otk 


Table 1 Mode 3 timing 


for = 3.25 MHz; 
Vpp=5o0r3 V 
TH1 
135416 
67708 
45139 
33854 
27083 


— 
=a 
Lad 
a 
ome 
La 
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Supply 


The circuit operates within a supply voltage range of 

2.5 to 6 V. The supply pins are Vppp, DGND and AGND. 

Pins Vppa and AGND supply the analog drivers to the card 
and have to be externally decoupled because of the large 
current spikes that the card and the step-up converter can 
create. An integrated spike killer ensures the contacts to 

the card remain inactive during power-up or power-down. 
An internal voltage reference is generated which is used 

within the step-up converter, the voltage supervisor, and 

the Vcc generator. 


The voltage supervisor generates an alarm pulse, whose 
length is defined by an external capacitor tied to the 
DELAY pin, when Vppp is too low to ensure proper 
operation (1 ms per 1 nF typical). This pulse is used as a 
RESET pulse by the controller, in parallel with an external 
RESET input, which can be tied to the system controller. 


It is also used in order to either block any spurious card 
contacts during controllers reset, or to force an automatic 
deactivation of the contacts in the event of supply drop-out 
[see Sections “Activation sequence” and “Deactivation 
sequence (see Fig.10)”]. 


In the 64 pin version, this reset pulse is output to the open 
drain ALARM pin, which may be selected active HIGH or 
active LOW by mask option and may be used as a reset 
pulse for other devices within the application. 
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Vthi + Vhyst 
Vth1 
V 


TDA8005 


MBH634 


Fig.4 Supply supervisor. 


Low impedance supply (pin LIS) 


For some applications, it is mandatory that the contacts to 
the card (Vcc, RST, CLK and I/O) are low impedance while 
the card is inactive and also when the coupler is not 
powered. An auxiliary supply voltage on pin LIS ensures 
this condition where Iijg = <5 WA for Vijs = 5 V. This low 
impedance situation is disabled when Vcc starts rising 
during activation, and re-enabled when the step-up 
converter is stopped during deactivation. If this feature is 
not required, the LIS pin must be tied to Vpp. 


Step-up converter 


Except for the Vcc generator, and the other cards contacts 
buffers, the whole circuit is powered by Vppp and Vppa. 
If the supply voltage is 3 V or 5 V, then a higher voltage is 
needed for the ISO contacts supply. When a card session 
is requested by the controller, the sequencer first starts the 
step-up converter, which is a switched capacitors type, 
clocked by an internal oscillator at a frequency 
approximately 2.5 MHz. The output voltage, Vyp, is 
regulated at approximately 6,5 V and then fed to the Voc 
generator. Vcc and GND are used as a reference for all 
other cards contacts. The step-up converter may be 
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chosen as a doubler or a tripler by mask option, depending 
on the voltage and the current needed on the card. 


ISO 7816 security 


The correct sequence during activation and deactivation of 
the card is ensured through a specific sequencer, clocked 
by a division ratio of the internal oscillator. 


Activation (START signal P05) is only possible if the card 
is present (PRES HIGH or LOW according to mask 
option), and if the supply voltage is correct (ALARM signal 
inactive), CLK and RST are controlled by RSTIN (P04), 
allowing the correct count of CLK pulses during 
Answer-to-Reset from the card. 


The presence of the card is signalled to the controller by 
the OFF signal (P10). 


During a session, the sequencer performs an automatic 
emergency deactivation in the event of card take-off, 
supply voltage drop, or hardware problems. The OFF 
signal falls thereby warning the controller. 
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Clock circuitry 


The clock to the microcontroller and the clock to the card 
are derived from the main clock signal (XTAL from 
2 to 16 MHz, or an external clock signal). 


Microcontroller clock (fc) after reset, and during power 
reduction modes, the microcontroller is clocked with fij7/8, 
which is always present because it is derived from the 
internal oscillator and gives the lowest power 
consumption. When required, (for card session, serial 
communication or anything else) the microcontroller may 
choose to clock itself with Yofyta, “afta or Yofinr- 

All frequency changes are synchronous, thereby ensuring 
no hang-up due to short spikes etc. 


Cards clock: the microcontroller may select to send the 
card Vofytal, Vafetals Vefetal or Votint (=1 25 MHz), or to stop 
the clock HIGH or LOW. All transition are synchronous, 
ensuring correct pulse length during start or change in 
accordance with ISO 7816. 


After power on, CLK is set at STOP LOW, and f,, is set at 
Yofint. 
Power-down and sleep modes 


The TDA8005 offers a large flexibility for defining power 
reduction modes by software. Some configurations are 
described below. 


In the power-down mode, the microcontroller is in 
power-down and the supply and the internal oscillator are 


P24 P06 P07 


active. The card is not active; this is the smallest power 
consumption mode. Any change on P1 ports or on PRES 
will wake-up the circuit (for example, a key pressed on the 
keyboard, the card inserted or taken off). 


In the sleep mode, the card is powered, but configured in 
the Idle or sleep mode. The step-up converter will only be 
active when it is necessary to reactivate Vyp. When the 
microcontroller is in Power-down mode any change on P1 
ports or on PRES will wake up the circuit. 


In both power reduction modes the sequencer is active, 
allowing automatic emergency deactivation in the event of 
card take-off, hardware problems, or supply drop-out. 


The TDA8005 is set into Power-down or sleep mode by 
software. There are several ways to return to normal 
mode, Introduction or extraction of the card, detection of a 
change on P11 (which can be a key pressed) or acommand 
from the system microcontroller. For example, if the 
system monitors the clock on XTAL1, it may stop this clock 
after setting the device into power-down mode and then 
wake it up when sending the clock again. In this situation, 
the internal clock should have been chosen before the fo. 


Peripheral interface 


This block allows synchronous serial communication with 
the three peripherals (ISO UART, CLOCK CIRCUITRY 
and OUTPUT PORTS EXTENSION). 


P27 P26 P25 P32 
DATA STROBE ENABLE REGO 


REG1 R/W INT 


PERIPHERAL CONTROL 


clock configuration 


| 
__itemtonen 
[PEO |PE1 | PE2|PE3|PE4|PES | PE6 | PE7| 


Uart receive 


MBH635 


Fig.5 Peripheral interface diagram. 
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Table 2. Description of Fig.5 
BIT NAME DESCRIPTION 


REGO = 0, REG1 = 0, R/W = 0; CLOCK CONFIGURATION 
(Configuration after reset is cards clock STOP LOW, fox, = VYefint) 


cards clock = Vofytar 


cards clock = Yafyial a | 


cards clock = STOP HIGH | Sth : . a3 


REGO = 1, REG1 = 0, R/W = 0; UART CONFIGURATION (after reset all bits are cleared) | 


REGO = 0, REG1 = 1, R/W = 0; UART TRANSMIT rs 


UTO to UT7 LSB to MSB of the character to be transmitted to the card =: 


REGO = 1, REG1 = 1, R/W = 0; PORTS EXTENSION (after reset all bits are cleared) 


PEO to PE5 PEO to PE5 is the inverse of the value to be written on KO to K5 | 
PE, PET 


REGO = 0, REG1 = 0, R/W = 1; UART RECEIVE . 
URO to UR7 LSB to MSB of the character received from the card | 


REGO = 1, REG1 = 0, R/W = 1; UART STATUS REGISTER (after reset all bits are cleared) 


UART TRANSMIT buffer empty 
UART RECEIVE buffer full | : | 


first start bit detected 
parity error detected during reception of a character (the UART has asked the card to repeat the 


character) : 


parity error detected during transmission of a character. The controller must wri 
character in VART TRANSMIT, or abort the session. 


Us5toUS7_[notused 


te the previous 
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USE OF PERIPHERAL INTERFACE Read operation: 
Write operation: Select the correct register with R/W, REGO and REG1. 
Select the correct register with R/W, REGO, REG1. Give a first negative pulse on ENABLE. The word is 


; llel loaded in th ipheral shift regist th 
Write the word in the peripheral shift register (PSR) with SA AWLag IST UT i lca al 


isi f ENABLE. 
DATA and STROBE. DATA is shifted on the risingedge «SING edge OT ENAB 
of STROBE. 8 shifts are necessary. Give a second negative pulse on ENABLE for 


iguring the PSR in shift right mode. 
Give a negative pulse on ENABLE. The data is parallel COM9UFING the PSR in shift right mode 


loaded in the register on the falling edge of ENABLE. Read the word from PSR with DATA and STROBE. 
DATA is shifted on the rising edge of STROBE. 7 shifts 
are necessary. 


Table 3. Example of peripheral interface 


READ CHARACTER ARRIVED IN UART RECEIVE) 
CLR STROBE 
SET STROBE 
DINZ Re, LOOP 


Notes 
1. The new configuration is supposed to be in the accumulator. 
2. Thecharacter will be in the accumulator. 
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ISO UART 


The ISO UART handles all the specific requirements 
defined in ISO T = 0 protocol type. It is clocked with the 
cards clock, which gives the f,,/31 sampling rate for start 
bit detection (the start bit is detected at the first LOW level 
on I/O) and the fo./372 frequency for ETU timing (in the 
reception mode the bit is sampled at 1/2ETU). It also allows 
the cards clock frequency changes without interfering with 
the baud rate. | _ 


This hardware UART allows operating of the 
microcontroller at low frequency, thus lowering EM 
radiations and power consumption. It also frees the 
microcontroller of fastidious conversions and real time jobs 
thereby allowing the control of higher level tasks. 


The following occurs in the reception mode (see Fig.6): 


e Detection of the inverse or direct convention at the begin 
of ATR. 


Automatic convention setting, so the microcontroller 
only receives characters in direct convention. 


Parity checking and automatic request for character 
repetition in case of error (reception is possible at 
12 ETU). 


In the transmission mode (see Fig.7): 


e Transmission according to the convention detected 
during ATR, consequently the microcontroller only has 
to send characters in direct convention. Transmission of 
the next character may start at 12 ETU in the event of no 
error or 13 ETU in case of error. 


Parity calculation and detection of repetition request 
from the card in the event of error. 


The bit LCT (Last Character to Transmit) allows fast 
reconfiguration for receiving the answer 12 ETU after 
the start bit of the last transmitted character. 


The ISO UART status register can inform which event has 
caused an interrupt. (Buffer full, buffer empty, parity error 
detected etc.) cf Peripheral Interface. 


This register is reset when the microcontroller reads the 
status out of it. 
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The ISO UART configuration register enables the 
microcontroller to configure the ISO UART. cf Peripheral 
Interface. 


After power-on, all ISO UART registers are reset. 


The ISO UART is configured in the reception mode. When 
the microcontroller wants to start a session, it sets the bits 
START SESSION and RESET ISO UART in UART 
CONFIGURATION and then sets START LOW. When the 
first start bit on I/O is detected (sampling rate f./31), the 
UART sets the bit US2 (First Start Detect) in the status 
register which gives an interrupt on INTO one CLK pulse 
later. 


The convention is recognized on the first character of the 
ATR and the UART configures itself in order to exchange 
direct data without parity processing with the 
microcontroller whatever the convention of the card is. 
The bit START SESSION must be reset by software. At 
the end of every character, the UART tests the parity and 
resets what is necessary for receiving another character. 


If no parity error is detected, the UART sets the bit US1 


(BUFFER FULL) in the STATUS REGISTER which warns 
the microcontroller it has to read the character before the 
reception of the next one has been completed. The 
STATUS REGISTER is reset when read from the 
controller. 


If a parity error has been detected, the UART pulls the I/O 
line LOW between 10.5 and 12 ETU. It also sets the bits. 
BUFFER FULL and US3 (parity error during reception) in 
the STATUS REGISTER which warns the microcontroller 
that an error has occurred. The card is supposed to repeat 
the previous character. 
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start session T and T/R = 0 


SET ENABLE FSD 


clock starts 


INHIBIT I/O DURING 200 CLK 
SAMPLE I/O EVERY 31 CLK 
SET FSD STATUS REGISTER 
ae a 
RESET EN FSD 


Sth bit 


SAMPLE I/O AT 186 ee SET CONVENTION (1) 
AND EVERY 372 CLK IF START SESSION = 1 


10th bit 


CONVERT AND LOAD CHARACTER 
IN RECEPTION BUFFER AT 10 ETU 


jae pei party Sier SET BIT RECEPTION PARITY 
Lo ERROR AT 10 ETU 
DISABLE I/O BUFFER BETWEEN PULL I/O LINE LOW FROM 
10 AND 12 ETU 10.5 TILL 11.75 ETU 


SET BIT BUFFER FULL AT 10 ETU 


RESET RECEPTION PART AT 12 ETU | 


(1) The start session is reset by software. 


(2) The software may load the received character in the peripheral 
control at any time without any action on the ISO UART. 


Fig.6 ISO UART reception flow chart. 


When the controller needs to transmit data to the card, it calculates the parity and starts the transmission on the 


first sets the bit UC3 in the UART CONFIGURATION rising edge of ENABLE. When the character has been 
which configures the UART in the transmission mode. transmitted, it surveys the I/O line at 11 ETU in order to 
As soon as a character has been written in the UART know if an error has been detected by the card. 


TRANSMIT register, the UART makes the conversion, 
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If no error has occurred, the UART sets the bit USO 
(BUFFER EMPTY) in the STATUS REGISTER and waits 
for the next character. If the next character has been 
written before 12 ETU, the transmission will start at 

12 ETU. If it was written after 12 ETU it will start on the 
rising edge of ENABLE. 


lf an error has occurred, it sets the bits BUFFER EMPTY 
and US4 (parity error during transmission) which warns 
the microcontroller to rewrite the previous character in the 
UART TRANSMIT register. If the character has been 
rewritten before 13 ETU, the transmission will start at 
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13 ETU. If it has been written after 13 ETU it will start on 
the rising edge of ENABLE. 


When the transmission is completed, the microcontroller 
may set the bit LCT (Last Character to Transmit) so that. 
the UART will force the reception mode into ready to get. 
the reply from the card at 12 ETU. This bit must be reset 
before the end of the first reception. The bit T/R must be 
reset to enable the reception of the following characters. 


When the session is completed, the microcontroller 
re-initializes the whole UART by resetting the bit RESET 
ISO UART. 


T/RT 


SET TRANSMIT ENABLE 


transmit register selected 


CONVERT, CALCULATE PARITY 
AND LOAD IN TRANSMIT 
SHIFT REGISTER 


SHIFT EVERY ETU IF TRANSMIT 
ENABLE IS SET 


10th bit shifted 
SET !/O BUFFER IN 
RECEPTION AT 10 ETU 


SET BIT TRANSMISSION PARITY 
ERROR AND BUFFER EMPTY 
AT 11 ETU 


. parity error 
SAMPLE I/O AT 11 ETU 
SET BIT BUFFER EMPTY 
AT 11 ETU 


LCT = 1 


RESET TRANSMIT PART AT 11 ETU 
FORCE RECEPTION MODE 


RESET TRANSMIT PART AND 
ENABLE TRANSMIT AT 12 ETU 


T/R=0 


RESET TRANSMIT PART AND 
ENABLE TRANSMIT AT 13 ETU 
MBH637 


(1) The transmit register may be loaded just after reading from the status register. . 
(2) The software must reset the last character but before completion of the first received character. 


Fig.7 ISO UART transmission flow chart. 
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I/O buffer modes (see Fig.8) 
The following are the I/O buffer modes: 
1. I/O buffer disabled by ENIO. 


2. I/O buffer in input, 20 kQ pull-up resister connected 
between I/O and Vcc, I/O masked till 200 clock pulses. 


3. I/O buffer in input, 20 kQ pull-up resister connected 
between I/O and Vcc, I/O is sampled every 31 clock 
pulses. 

4. \/O buffer in output, 20 kQ pull-up resister connected 
between I/O and Vcc. 

5. 1|/O buffer in output, I/O is pulled LOW by the N 
transistor of the buffer. 

6. 1/Obuffer in output, I/O is strongly HIGH or LOW by the 


P or N transistor. 


Output ports extension 


In the LQFP64 version, 6 auxiliary output ports may be 
used for low frequency tasks (for example, keyboard 
scanning). These ports are push-pull output types (cf use 
in software document). 


Activation sequence 


When the card is inactive, Vcc, CLK, RST and I/O are 
LOW, with low impedance with respect to GND. The 
step-up converter is stopped. The I/O is configured in the 
reception mode with a high impedance path to the ISO 
UART, subsequently no spurious pulse from the card 
during power-up will be taken into account until I/O is 
enabled. When everything is satisfactory (voltage supply, 
card present, no hardware problems), the microcontroller 
may initiate an activation sequence by setting START 
LOW (to): 

e The step-up converter is started (t,) 


e LIS signal is disabled by ENLI, and Vcc starts rising from 
0 to 5 V with a controlled rise time of 0.1 V/us typically 


(to) 
e |/O buffer is enabled (ts) 
e Clock is sent to the card (t,) 
e RST buffer is enabled (ts). 
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In order to allow a precise count of clock pulses during 
ATR, a defined time window (t3; ts) is opened where the 
clock may be sent to the card by means of RSTIN. Beyond 
this window, RSTIN has no more action on clock, and only 
monitors the cards RST contact (RST is the inverse of 
RSTIN). 


The sequencer is clocked by fjy7/64 which leads to a time 
interval T of 25 us typical. Thus ty = 0 to “%4T, 

to = ty + Ys8T, tg = ty + 4T, tg =tg tots andts = t; + 7T 
(see Fig.9). 


Deactivation sequence (see Fig. 10) 


When the session is completed, the microcontroller sets 
START HIGH. The circuit then executes an automatic 
deactivation sequence: 


e Card reset (RST falls LOW) at tio 

e Clock is stopped at ty, 

e 1/0 becomes high impedance to the ISO UART (t12) 
Vcc falls to 0 V with typical 0.1 V/us slew rate (t;3) 


The step-up converter is stopped and CLK, RST, Vcc 
and I/O become low impedance to GND (t,4). 

tio < YeaT; tyy = tho + YoT; tye = tro + T; tg = to + 23T; 
ti4= tio + 5T. 


Protections 


Main hardware fault conditions are monitored by the circuit 
e Overcurrent on Vcc 

e Short circuits between Vcc and other contacts 

e Card take-off during transaction. 


When one of these problems is detected, the security logic 
block pulls the interrupt line OFF LOW, in order to warn the 
microcontroller, and initiates an automatic deactivation of 
the contacts. When the deactivation has been completed, 
the OFF line returns HIGH, except if the problem was due 
to a card extraction in which case it remains LOW till a card 
is inserted. 
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activation character character character character character forced 
reception reception transmission transmission reception deactivation 
with error without with error without without 


error error error 


/O 


OUT 
I/O BUFFER 
IN 


ISO UART 


MODE 
R 


1 


MBH638 


Fig.8 !/O buffer modes. 


VuP 
Vec 
vO 
ENRST 
RSTIN 
CLK 
RST 


ENLI internal I 


MBH639 


EF 


Fig.9 Activation sequence. 
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to ot44 tye tg 


internal t de ; 


Fig.10 Emergency deactivation sequence after a card take-off. 
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LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL PARAMETER . CONDITIONS 
analog supply voltage oe 
digital supply voltage 
Vi all input voltages 
DC current into XTAL1, XTAL2, RX, TX, 
RESET, INT1, P34, P37, POO to P03, 
P11 to P17, P20 to P23 and ; 
TEST1 to TEST4 | 


DC current from or to AUX1, AUX2 (eed 


~10 
-30 


DC current from or to S1 to S5 


| DC current into DELAY 
| DC current from or to PRES 
| 


1 


|_MIN 
Os! 
Ee 
a 
10 
30 


" 
(according to option choice 
continuous total power dissipation 


electrostatic discharge on pins I/O, Vcc, 
RST, CLK and PRES 


-2 +2 
Operating Junction Temp. mH 42 


HANDLING 


5 
5 
5 
0 


' 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take normal precautions appropriate to handling MOS devices. 


THERMAL CHARACTERISTICS 


SYMBOL | PARAMETER 


Rih j-a from junction to ambient in free air 
LQFP64 
QFP44 
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CHARACTERISTICS 
Vop = 5 V; Vsg = 0 V3 Tamb = 25 °C; for general purpose 1/O ports see 80CL51 data sheet; unless otherwise specified. 


fsvweot] —paraweren | __conomons __|_wm | Tve | wax [NT 
sey 


Supply 


[Vo [supplyvotage [Option dependant __—~*<(28—~—=«d-~=«rSO Sid 


lpD(pa) supply current power-down Vpp = 5 V; card inactive in gall a al 
mode Vpp=3V; “= “ 
a 
stopped 
=f 


IDD(om) supply current operating mode | unloaded; fa) = 13 MHz; 
; fork = 6.5 MHz; lara = 3.25 MHz 
Vpp | V; Tigi ra MHz; 
fork =_ 3.25 MHz; Teard > 3.25 MHz 


Vint threshold voltage on Vpp supervisor option 
(falling) 


Vier _[hysteresisonVns S| SSCS 
threshold voltage on DELAY fe eee ee 
IDEL output current at DELAY 1:9 
| [Voer=Voo (discharge) —*([@ «fee [io 
pe = 10 nF 


ALARM (open drain active HIGH or LOW output) 


Crystal oscillator (note 1) 


fytal crystal frequency 


fext external frequency applied on 
XTAL1 


Step-up converter 


oscillation frequency 
voltage on S5 


Low impedance supply (LIS) 
voltage on LIS 
if 


| 19 | to 
co 
+ 


ho 

S 

on 

j 
3/73 15e1<1<'13/;<1|<j;< 3 3 = 
i ee < > > > 


40 


& 
Oo 


ek 

© 
= 

> 


Be 
© 
= 


i 
Hi 
ae 
N 


i 
Hi 
a 
N 


i 
<= 
ei 
N 


oO) 
ol 
@ 


Kk 


UL 
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Reset output to the card (RST) 


Vinactive | Output voltage when inactive 
when LIS is used; linactive = 1 MA 


linaane current from RST when 
inactive and pin grounded 


V 
V 


ea oad 

ALA 
"| 
> 


O|” 


-0.3 


| 
— 


< 


LOW level output voltage lo. = 200 WA —0.25 | 0.4 V 


HIGH level output voltage lon <-200 LA 
O, = 30 pF 


Clock output to the card (CLK) 


Vinactive output voltage when inactive 
linaetive current from CLK when 
inactive and pin grounded 


OL 
Vou 
t, 
tf 


iN | 
oO 
(Se) 


QO 


Ci = 20 pF 


clock frequency 1 MHz Idle configuration 
low operating speed 
middle operating speed 
high operating speed 


duty cycle C, = 30 pF 


Card supply voltage (Vcc) 


Vinactive output voltage when inactive 


linaetive current from VCC when 


inactive and pin grounded 


VoL 
Vou Voc—0.5 Voct+0.25 
tr 
f 


t 
folk 


<\/= <|< 3/;</< 
Lt} i > 
N |N 


= 
25 
N 


a 
a 
N 


O1 
O1 


Pa IND) elo oO Le |e 
cn | Or) IN INN 


oO 


| | — | | 
o) o) 
No ot) 
oi 


—0.3 


AS | | 
oN = 
on oo 
hl] Se 

ISS 


Veo output voltage in active mode | Imax = 200 MA, fmax = 5 MHz, and 
with 100 nF capacitor; duration <400 ns 


5.25 


static load (up to 20 mA) 
dynamic current of 40 nA 


| 
De) 
Oo 


- 


| 
Le 


Voc shorted to GND 


lec 
SR slew rate up or down 0.04 0.1 
(max capacitance is 150 nF) 


0.16 V/us 


o 
o1 
3/3 < 3/<;< 


1996 Sep 25 680 


Philips Semiconductors Product specification 


Low-power smart card coupler TDA8005 


SYMBOL PARAMETER CONDITIONS | MIN. | TYP. | MAX. | UNIT 


Data line (I/O) 


Vinactive output voltage when inactive 
when LIS is used; linactive = 1 MA 

inactive current from I/O when inactive 
and pin grounded 

VoL LOW level output voltage (I/O | lo. = 1mMA —0.25 
configured as an output) 

Vou HIGH level output voltage (I/O | loy <-100 UA Vect+0.8 
configured as an output) 

Vit input voltage LOW (I/O liw=1mA 
configured as an input) 

Vin input voltage HIGH (I/O I, = 100 WA Voct+0.6 
configured as an input) 


pull-up resistor connected to | see Table 4 for options 
Voc when I/O is input 


activation sequence duration 
deactivation sequence 
duration 
(start) start of the window for sending 
clock to the card 
(end) end of the window for sending 
clock to the card 


Auxiliary outputs (AUX1, AUX2) 


Output ports from extension (KO to Kn) 


Card presence input (PRES) 


LOW level input voltage li =-1 mA 


HIGH level input voltage ly = 100 LA 0.7Vpp 


HIGH ievel input current Vin=t5V 


¢ © | |}O}oO 
ro) “lpi A 


> 


Vect0.25 


<= io) 
@) 
ra) ol 


j 


t, 
tf 
Rou 


oF 
QO 
+ 


e 


ty 
tg 


f 
ie) 
oO 

as 

” ” 


— 
& 
© 


ts 


0 


oy 


| 
— 


0.4 


fF 
as 


ViL 
Vin 
IH 


© 
NO 
< 


Note 
The crystal oscillator is the same as OPTION 3 of the 80CL51. 


—_—k 
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system 
controller 
OF 
RESET 
24 
25 
RX = 
es Pa 
MMI-EN a 
32 
LED2 8] 1 ol] Ol 
\ R7 
+5 V(logic) \ he - 
LED1 7/8 
MMI-CLK 
MMI-REQ 
LIS 


TDA8005G 


Fig.11 Possible GSM application. 


100 nF 


+ 5 V(logic) 


CARD-READ-C702 


° Kt 
K2 


MGC440 


NOILVINYOSNI NOLLVOIMIddV 


Ja|dnoo pied WeEWS JOMOd-MO7 


SOO8VOL 


SIOJONDUODILWAS Ssdijiud 
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Gc des 9661 


€89 


KEYBOARD 


TDA8005G 


DISPLAY DRIVER 
AND DISPLAY 


Fig.12 Possible stand-alone application. 
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Table 4 TDA8005 option choice form 


FUNCTION DESCRIPTION OPTION 


PO | 
[5 ee eiaee meet 
a re ee 
Pos 
[Pog |RSTIN(fxed) 8S 
Pos [STR fixed) 8S 
ai ans ie 
la ar Pe 
P13 ae aa 
P14 ers 
pi | 
P16 eee aren Tee 
La Peres Paes 
(ac ae eee ES 
Pat a eee 
(a eee ae 
ar er eee 
ee eee: a 
es es PR 
i ee ae 
| iis re 
Le ee eer Sy 
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Analog options 
doubler (updo) or tripler 
(uptri) 
2.3 (supervb, 3 (supervtr) or 
4.5 (superVCl) 


low impedance (UARTI) or 
high impedance (UARTZ) 


10, 20 or 30 kQ 


PRES 


active HIGH (prestopp) or 
| active LOW (prestopn) 
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GENERAL DESCRIPTION 


The TDA8442 provides control of four analogue functions 
and has one high-current and two switching outputs. 
Control of the IC is performed via the two-line, bidirectional 
I?C-bus. 


Features 
PACKAGE OUTLINE 


e Four analogue control outputs 
16-lead DIL; plastic (SOT38); SOT38-1; 1996 July 23. 


e One high-current output port (npn open emitter) 


e Two switching output ports (npn collector with internal 
pull-up resistor) 


e 1°C-bus slave receiver 
e Power-down reset. 


QUICK REFERENCE DATA 


PARAMETER CONDITIONS | SYMBOL | MIN, | 


Supply voltage (pin 9) 
Supply current no outputs loaded 


Total power dissipation no outputs loaded 


Operating ambient 
temperature range 


Vp 


TDA8442 


DIGITAL-TO-ANALOGUE 
DACO CONVERTER P2 
DACO 


DIGITAL-TO- ANALOGUE 
DAC1 CONVERTER 
DAC1 


DIGITAL-TO-ANALOGUE 


DAC2 CONVERTER OUTEVT FORT P2N 
P2N 
3 DAC2 
DIGITAL-TO- ANALOGUE oecue 
-TO- SLAVE 
DAC3 CONVERTER RECEIVER por ee ony Pt 
DAC3 Pt 


SDA SCL 7295244,1 


Fig.1 Block diagram. 
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PINNING 


: 


serial clock line; I2C-bus 


Port 2 npn collector output 
with internal pull-up 
resistor 


not connected 


supply return (ground) 
positive supply voltage 


TDA8442 


7295245 


Fig.2 Pinning diagram 


FUNCTIONAL DESCRIPTION 


Control 


Analogue control is facilitated by four 6-bit digital-to-analogue converters (DACO to DAC3). 
The values of the output voltages from the DACs are set via the I@C-bus. 


The high-current output port (P1) is suitable for switching between internal and external RGB signals. 
It is an open npn emitter output capable of sourcing 14 mA (min.). 7 


The two output ports (P2 and P2N) can be used for NTSC/PAL switching. These are npn collector outputs with internal 
pull-up resistors of 10 kQ (typ.). Both outputs are capable of sinking up to 2 mA with a voltage drop of less than 400 mV. 
If one output is switched on (LOW), the other output is switched off, and vice versa. 


Reset 


The power-down-reset mode occurs whenever the positive supply voltage falls below 8.5 V (typ.) and resets all registers 
to a defined state. | 3 | 
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OPERATION 
Write 


The TDA8442 is controlled via the I?C-bus (specifications for the I@C-bus will be supplied on request). 
Programming of the TDA8442 is performed using the format shown in Fig.3. 


MOGULE ADDRESS INET RLACTION BYTE DATA CONTROL BYTE 


FEOGIAT 


Fig.3 TDA8442 programming format. 


Acknowledge (A) is generated by the TDA8442 only when a valid address is received and the device is not in the 
power-down-reset mode (Vp > 8.5 V (typ.)). 


Control 


Control is implemented by the instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) 
together with the corresponding data/control bytes (see Fig.4). 


INSTRUCTION BYTE DATA/CONTROL BYTE 


7296242.1 


Fig.4 Control porgramming. 


POD bit P1 

If a logic 1 is programmed, the P1 output is switched on. If a logic 0 is programmed or after a power-down- “reset, the P1 
output is switched off (high-impedance state). 

POD bit P2/P2N 

If a logic 1 is programmed, the P2 output is switched off and the P2N output is switched on (LOW). If a logic 0 is 
programmed or after a power-down-reset, the P2 output is switched on (LOW) and the P2N output is switched off. 
DAX bits AX5 to AX0 


The digital-to-analogue converter selected corresponds to the decimal equivalent of the two bits X1 and XO. The output 
voltage of the selected DAC is programmed using bits AX5 to AXO, the lowest value being with all data AX5 to AX0 at 
logic O or when power-down-reset has been activated. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


PARAMETER SYMBOL a we UNIT 


Supply voltage range (pin 9) +13.2 
Input/output voltage ranges 


pin 4 +13.2 
pins +13.2 
pin 6 Vp; note 1 
pin 11 Vp; note 1 
pin 12 Vp; note 1 


pin 1 to 3 and pin 16 
Total power dissipation 
Operating ambient temperature range 
Storage temperature range 


Vp; note 1 


aga == == 


Note 
1. Pin voltage may exceed Vp if the current in that pin is limited to 10 mA. 


CHARACTERISTICS | 
Vp = 12 V; Tamb = +25 °C; unless otherwise specified 


Supplies 

Supply voltage (pin 9) 

Supply current (pin 9) no outputs loaded 
I2C-bus inputs 

SDA (pin 4); SCL (pin 5) 

Input voltage HIGH 

Input voltage LOW 

Input current HIGH 

Input current LOW 


I?C-bus output 


SDA (pin 4) open collector 
Output voltage LOW lo. = 3.0 mA 
Maximum output sink current 
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PARAMETER 


Ports P2 and P2N 
(pins 6 and 12) 


Internal pull-up resistor to Vp 


Output voltage switched 
on (LOW) 


Maximum output sink current 


Leakage current output 
switched off 


Port P1 (pin 11) 


Output current switched on 
Leakage current switched off 


Digital-to-analogue 
outputs 

DACO (pin 16) 

Maximum output voltage 
Minimum output voltage 


Positive value of smalles 
step 


Deviation from linearity 
Output impedance 


Maximum output source 
current 


Maximum output sink current 


DAC1 (pin 1) 
Maximum output voltage 
Minimum output voltage 


Positive value of smallest 


step 
Deviation from linearity 
Output impedance 


Maximum output source 
current 


Maximum output sink current 


March 1991 


CONDITIONS 


npn collector output with 
pull-up resistor to Vp 


lo. =2mA 


open npn emitter output 
Vo =Oto5V 

Vo = Oto Vp 

note 2 


unloaded; note 3 
unloaded; note 3 
lo = 2 mA (1 Isb); note 3 


lo=2mA 
lo =-2 to +2 MA 


unloaded; note 3 
unloaded; note 3 
lo = 2 mA (1 Isb); note 3 


lp =2mMA 
lp =-2 to+2 MA 


SYMBOL 
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DAC2 (pin 2) | 
Maximum output voltage unloaded; note 3 
Minimum output voltage unloaded; note 3 


Positive value of smallest lo = 2 mA (1 Isb); note 3 
step 


Deviation from linearity | lop =2mA 
Output impedance » lo =-2 to +2 mA 


Maximum output source 
current 


Maximum output sink current 

DACS (pin 3) 

Maximum output voltage unloaded; note 3 
Minimum output voltage unloaded; note 3 


Positive value of smallest lo = 2 mA (1 Isb); note 3 
step 


Deviation from linearity lo =2mMA 
Output impedance lo =-2 to +2 MA 


Maximum output source 
current 


Maximum output sink current 


Power-down reset 


Maximum value of Vp at 

which power-down reset is 

active 

Rise time of Vp during Vp rising from 0 V to Vpp | t, 
power-on 


Notes to the Characteristics 

1. If Vp <1 V, the input current is limited to 10 LA at input voltages up to 13.2 V. 
2. Pure capacitive load should be avoided because of possible oscillations. 

3. Values are proportional to Vp. 
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I2C-BUS TIMING 


Bus loading conditions: 4kQ pull-up resistor to +5 V; 200 pF nee to GND. 
All values are referred to Vi, =3 V and V, = 1.5 V. 


_—__ranaweren [sro [we [re un or 


Bus free neler start tBuF 
Start condition set-up time tsu: STA 
Start condition hold time tHD: STA 
LOW period SCL, SDA tlow 
HIGH period SCL {HIGH 
Rise time SCL, SDA 

Fall time SCL, SDA 

Data set-up time (write) tsu: DAT 
Data hold time (write) tub: DAT 
Acknowledge (from TDA8442) set-up time | tsy- ack 
Acknowledge (from TDA8442) hold time | typ: ack 
Stop condition set-up time tsu: STO 


SDA 3 acknowledge 
( write) from TDA8442. 


<—_—_——_—_—_—_ > ———P- 
tsu;sTA tHp:sTaA tLow ‘HIGH tsu; STO 


>_> 


tsu; DAT 7Z295246.2 


Reference levels are 10 and 90%. 


Fig.5 I?C-bus timing; TDA8442. 
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GENERAL DESCRIPTION 


The TDA8444 comprises eight digital-to-analogue 
converters (DACs) each controlled via the two-wire 
I?C-bus. The DACs are individually programmed using a 
6-bit word to select an output from one of 64 voltage steps. 
The maximum output voltage of all DACs is set by the input 
Vmax and the resolution is approximately Vpja;/64. 


At power-on all DAC outputs are set to their lowest value. 
The I?C-bus slave receiver has a 7-bit address of which 3 
bits are programmable via pins AO, A1 and A2. 


Features 


e Eight discrete DACs 
e |*C-bus slave receiver 
e 16-pin DIL package. 


~QUICK REFERENCE DATA 


PARAMETER CONDITIONS SYMBOL bee 


Supply voltage 
Supply current 


Be Ed 
12.0 3.2 


no loads; Vinay = Vp; 
all data = 00 

no loads; Vinay = Vp; 
all data = 00 


Total power dissipation 


Effective range of 
Vmax input 

DAC output voltage 
range 

Step value of 1 LSB 


Vp=12V 


Vinax = Vp; 
lop =-2 mA 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT38); SOT38-1; 1996 July 23. 
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12c BUS 


SLAVE RECEIVER 
REFERENCE 
VOLTAGE 
GENERATOR 


TDA8444 


DAC1 DAC7 


7294743 


Fig.1 Block diagram. 


PINNING 


DESCRIPTION 
positive supply voltage 


control input for DAC 
maximum output voltage 
I?C-bus serial data 
input/output 


TDA8444 


|2C-bus serial data clock 


programmable address bits 
for I°C-bus slave receiver 


analogue voltage outputs 


7294741 | 


Fig.2 Pinning diagram 
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FUNCTIONAL DESCRIPTION 
‘C-bus 
The TDA8444 |2C-bus interface is a receive-only slave. Data is accepted from the !2C-bus in the following format: 


@ @ 1 WO SSC SBSA[A[X X D5 D4 Da D2 Di DOLA|P 


<----- address byte — ----> <----- instruction byte ----> <n---- first data byte ----> 


Where 
S =_ start condition A2, Ai, AO = programmable address bits 
P = _ stop condition 13, 12, 11, 10 = _ instruction bits 
A = _ acknowledge SD, SC, SB, SA = subaddress bits 
X =  don'tcare D5, D4, D3, D2,D1,D0O = data bits 
Fig.3 Data format. 
Address byte 


Valid addresses are 40, 42, 44, 46, 48, 4A, 4C, 4E (hexadec), depending on the Progiarnming of bits A2, A1 and AO. 
With these addresses, up to eight TDA8444 ICs can be operated eee from one I?C-bus. No other addresses 
are acknowledged by the TDA8444. 


Instruction and data bytes 


Valid instructions are 00 to OF and FO to FF (hexadec); the TDA8444 will not respond to other instruction values. 


Instructions 00 to OF cause auto-incrementing of the subaddress (bits SD to SA) when more than one data byte is sent 
within one transmission. With auto-incrementing, the first data byte is written into the DAC addressed by bits SD to SA 
and then the subaddress is automatically incremented by one position for the next data byte in the series. 


Auto-incrementation does not occur with instructions FO to FF. Other than auto-incrementation there is no difference 
between instructions 00 to OF and FO to FF. When only one data byte per transmission is present, the DAC addressed 
by the subaddress will always receive the data. 


Valid subaddresses (bits SD to SA) are 0 to 7 (hexadec) relating numerically to DACO to DAC7. When the 
auto-incrementing function is used, the subaddress will sequence through all possible values (0 to F, 0 to F, etc.). 


I?C-bus 


Input SCL (pin 3) and input/output SDA (pin 4) conform to |?C-bus specifications. Pins 3 and 4 are protected against 
positive voltage pulses by internal zener diodes connected to the ground plane and therefore the normal bus line voltage 
should not exceed 5.5 V. 


The address inputs AO, A1, A2 are programmed by a connection to GND for An = 0 or to Vp for An = 1. If the inputs are 
left floating, An = 1 will result. 
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Input Vinax 


Input Vinax (pin 2) provides a means of compressing the output voltage swing of the DACs. The maximum DAC output 
voltage is restricted to approximately V,,,, while the 6-bit resolution is maintained, so giving a finer voltage resolution of 
smaller output swings. 


Digital-to-analogue converters 


Each DAC comprises a 6-bit data latch, current switches and an output driver. Current sources with values weighted by 
2° up to 2° are switched according to the data input so that the sum of the selected currents gives the required analogue 
voltage from the output driver. The range of the output voltage is approximately 0.5 to 10.5 V when V,,,, = Vp. 


The DAC outputs are protected against short-circuits to Vp and GND. 


To avoid the possibility of oscillations, capacitive loading at the DAC outputs should not exceed 2 nF. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


PARAMETER SYMBOL 


Supply voltage 
Supply current (source) 


I2C-bus line voltage 

Input voltage 

Output voltage 

Maximum current on any pin (except pins 1 and 8) 
Total power dissipation 

Operating ambient temperature range 

Storage temperature range 


THERMAL RESISTANCE 


From junction to ambient Rth j-a 75 K/W 
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TDA8444 


CHARACTERISTICS 


All voltages are with respect to GND; Tamp = 25 °C; Vp = 12 V unless otherwise specified 


PARAMETER ~ CONDITIONS 


Supply voltage 


Voltage level for power-on 
reset 


Supply current no loads; Vinax = Vp; 
all data = 00 


Total power dissipation no loads; Vinax = Vp; 
all data = 00 


Effective range of Vp=12V 
Vmax input (pin 2) 

Pin 2 current Vo=1V 

Vo = VP 

SDA, SCL inputs (pins 3 and 4) | 

Input voltage range 

Input voltage LOW 

Input voltage HIGH 

Input current LOW 

Input current HIGH 

SDA output (pin 3) 

Output voltage LOW 

Sink current 

Address inputs (pins 5 to 7) 

Input voltage range 

Input voltage LOW 

Input voltage HIGH 

Input current LOW 

Input current HIGH 
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PARAMETER CONDITIONS SYMBOL 


DAC outputs (pins 9 to 16) 
Output voltage range 
Minimum output voltage data = 00; lb =-2 MA 
Maximum output voltage data = 3F: lo =-2 mA 
at Vmax = VP 10.5 
~ at 1 < Vmax<10.5V see note 1 


Output sink current V = Vp; data = 1F 
Output source current V=0V; data =1F 


Output impedance data = 1F; 
-2< lo <+2mA 


Step value of 1 LSB Vmax = Vp? Io =-2 mA 
Deviation from linearity lp =-2 MA; N #32 


Deviation from linearity lop = -2 MA; N=32 
Note to the Characteristics 
dz Vo = 0.95 Vina + Vomin- 
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INDEX 


DESCRIPTION VERSION | PAGE 
DIP (dual in-line package) 
DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1 701 
DIP14 plastic dual in-line package; 14 leads (300 mil SOT27-1 702 


) 
DIP16 | plastic dual in-line package; 16 leads (800 mil); long body SOT38-1 703 
DIP20 plastic dual in-line package; 20 leads (300 mil) SOT146-1 704 
DIP24 plastic dual in-line package; 24 leads (600 mil) SOT101-1 705 
DIP28 plastic dual in-line package; 28 leads (600 mil) SOT117-1 706 


DIP40 plastic dual in-line package; 40 leads (600 mil) SOT129-1 707 


LQFP (low profile quad flat package) 
LQFP64 plastic low profile quad flat package; 64 leads; body 10 x 10x 1.4mm _ | SOT314-2 708 
LQFP100 plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm | SOT407-1 709 


LQFP128 plastic low profile quad flat package; 128 leads; body 14 x 20 x 1.4 mm | SOT425-1 710 
| QFP (quad flat package) 


QFP44 plastic quad flat package; 44 leads (lead length 1.3 mm); SOT307-2 711 
body 10 x 10 x 1.75 mm 


SIL (single in-line) 
SILOMP plastic single in-line medium power package; 9 leads SOT 142-1 712 


SSOP (shrink small outline package) 
SSOP20 plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1 719 


VSO (very small outline) 
VSO040 plastic very small outline package; 40 leads SOT158-1 720 


VSO56 plastic very small outline package; 56 leads SOT190-1 721 


op) 
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DIP 
DIP8: plastic dual in-line package; 8 leads (300 mil) | SOT97-1 


_ seating plane 


0 5 10 mm 
| SSE Cone Ten CO! CEES! A YEN DERN A | 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


1.73 0.53 1.07 0.36 9.8 6.48 3.60 8.25 
1.14 0.38 0.89 0.23 9.2 6.20 3.05 7.80 
0.068 | 0.021 | 0.042 | 0.014 0.39 0.26 0.14 0.32 
0.045 | 0.015 | 0.035 | 0.009 0.36 0.24 0.12 0.31 
Note 


1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


EUROPEAN 
PROJECTION ISSUE DATE 


OUTLINE 
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DIP14: plastic dual in-line package; 14 leads (300 mil) . | | , | SOT27-1 


|~— seating plane 


0 5 10mm 
PERS Vee Lens LT | FOYT Ce OP 
scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


1.73 0.53 0.36 19.50 8.25 es 

1.13 0.38 0.23 18.55 7.80 

0.068 | 0.021 0.014 0.77 0.39 

0.044 | 0.015 | 0.009 0.73 0.33 
Note 


1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


OUTLINE REFERENCES EUROPEAN 
ISSUE DATE 
92-44-47 


1997 Mar 12 702 


z (1) 
fiat 
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DIP 16: plastic dual in-line package; 16 leads (300 mil); long body SOT38-1 


~~ seating plane 


0 5 10 mm 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


Note 


OUTLINE | EUROPEAN 
abl ee __| snow _f may SELON ee 
-92-4+0-62- 
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DIP20: plastic dual in-line package; 20 leads (300 mil) 3 : SOT146-1 


|~— seating plane 


0 5 10 mm 
a Cea OOS ON SC SO HO 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


0.53 0.36 26.92 6.40 8.25 
17 0.021 0.014 | 1.060 
. 0.015 | 0.009 | 1.045 
Note 


1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


OUTLINE 
VERSION 
SOT146-1 


1997 Mar 12 704 
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DIP24: plastic dual in-line package; 24 leads (600 mil) | SOT101-1 
o D 
 SUIBIBISIDIOIDIOINIDININIOIEEE 
L a. 
a 
rer <|o[w@| 


0 5 10mm 
PERE ee Ect Eo DEY TOP YL GO) 
scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


Note 
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


OUTLINE REFERENCES EUROPEAN 
VERSION ce PROJECTION ISSUE DATE 
SOT101-1 051G02 
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DIP28: plastic dual in-line package; 28 leads (600 mil) S$OT117-1 


g plane 


|~<«— seatin 


oe 


0 5 10 mm 
Os HCO 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


1.7 0.53 0.32 36.0 14.1 15.80 
1.3 0.38 0.23 35.0 13.7 ; 15.24 
0.066 | 0.020 | 0.013 1.41 0.56 ie 0.62 cS 
0.051 | 0.014 | 0.009 1.34 0.54 ie 0.60 cS 


Note 


OUTLINE REFERENCES EUROPEAN 
ISSUE DATE 
VERSION ea aEDEG =e PROJECTION 
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DIP40: plastic dual in-line package; 40 leads (600 mil) SOT129-1 
t 


0 5 10mm 
a Ce 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


1.70 0.53 0.36 15.80 | 17.42 
1.14 0.38 0.23 ; 15.24 | 15.90 
0.067 | 0.021 | 0.014 0.62 0.69 
0.045 | 0.015 |; 0.009 , 0.60 0.63 


OUTLINE EUROPEAN 
ISSUE DATE 
92-44-47 
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Note 


REFERENCES 
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LQFP 
:  LQFP64: plastic low profile quad flat package; 64 leads; body 10 x 10 x 1.4 mm $OT314-2 


0 2.5 5mm 


DIMENSIONS (mm are the original dimensions) 


Note 
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


ISSUE DATE 
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LQFP100: plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SOT407-1 


UE G 


DIMENSIONS (mm are the original dimensions) 


Note 
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


OUTLINE EUROPEAN 
VERSION ISSUE DATE 
SOT407-1 Seer 
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‘LQFP128: plastic low profile quad flat package; 128 leads; body 14 x 20 x 1.4 mm SOT425-1 


: 


0 5 10mm 


DIMENSIONS (mm are the original dimensions) 


Note 
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


OUTLINE REFERENCES 


1997 Mar 12 710 


EUROPEAN 
PROJECTION ISSUE DATE 
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QFP 
QFP44: plastic quad flat package; 44 leads (lead length 1.3 mm); body 10 x 10 x 1.75 mm SOT307-2 
ya 


eerie Raeteeient | 
LJ UAE 


ee nas CO %&, 7. 
mn —— 


NG 


pin 1 index 


0 2.5 5mm 


DIMENSIONS (mm are the original dimensions) 
A 


Ai | Ag 
0.25 | 1.85 
acy 


Note 
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


REFERENCES See 
PROJECTION ISSUE DATE 
JEDEC EIAJ 


eed 
95-02-0 


1997 Mar 12 711 


Philips Semiconductors 


Package information Package outlines 
SIL 
SILOMP: plastic single in-line medium power package; 9 leads : SOT142-1 


OO DSS az—A2—» 
| y 
A3 
| | 
© = E 
is A 
rot 
: | 
8 | oe 
| 
i | [< C 
oy 
al >| Q |= 
<2 
0 5 10 mm 


DIMENSIONS (mm are the original dimensions) 


Note 


SOT142-1 


OUTLINE EUROPEAN 
VERSION PROJECTION ISSUE DATE 


95-02-09 
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so 
SO8: plastic small outline package; 8 leads; body width 3.9 mm. SOT96-1 


—a— | 


0 2.5 5mm 
Eee nem Sy Lenore bes cass Gear? ae CE | 
scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


0. 25 | 
0.0098 


Notes 
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included. 
2. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


GiTLINE REFERENCES EUROPEAN 

ISSUE DATE 
VERSION eee JEDEC EIA aon PROJECTION 
SOT96-1 076E03S | MS.012AA 012AA ee oF 
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SO8: plastic small outline package; 8 leads; body width 7.5 mm | SOT176-1 


0 5 10mm 
SAS eee Oe Le Hee) SOR A! Pree ere! Re | 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


0.3 | 2.45 0.49 | 0.32 | 7.65 | 7.6 10.65 44} 4 | 2.0 
ee a 0.23 745 74 i - 10.00 : 
: : : fo) 
0.019 | 0.013 0.30 | 0.30 0.42 0.043 | 0.043 0.079| 0 
0.014 | 0.009 aso | 65 | 0.087 0.018 | 0.039 O00 | 6.071 


Oo 
oO 
— 


Note 


OUTLINE . EUROPEAN 
ISSUE DATE 
94-08-13 


1997 Mar 12 714 


Philips Semiconductors 


Package information Package outlines 


SO16: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1 


Ko 
ne 
Lc 
0 5 10mm 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


Note 
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included. 


BUELINE REFERENCES EUROPEAN 
VERSION PROJECTION ISSUE DATE 
paeliea 
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$020: plastic small outline package; 20 leads; body width 7.5mm_ - , SOT163-1 


0 5 10mm 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


Note 
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included. 


OUTLINE REFERENCES EUROPEAN 
aa a | en ISSUE DATE 
VERSION CC JEDEC PROJECTION 
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$024: plastic small outline package; 24 leads; body width 7.5 mm 


0 5 


10 mm 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


inches } 0.10 


Note 
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included. 


OUTLINE REFERENCES 


VERSION IEC 


SOT137-1 075E05 MS-013AD 
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SOT137-1 


EUROPEAN 
PROJECTION 


ISSUE DATE 
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$028: plastic small outline package; 28 leads; body width 7.5 mm SOT136-1 


Pees Lee eee 
a | 

A \ 4 
we (Az) 4 
i 1 
i 

el Lp 

L—- 

0 5 10 mm 


scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


0.30 |. 2.45 0.49 | 0.32 | 181 | 7.6 10.65 14) 44 
0.012 
ae 0.004 


Note 
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included. 


OUTLINE EUROPEAN 


~94-08-43- 
SOT136-1 075E06 MS-013AE 95-01-24 
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SSOP 
SSOP20: plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1 


D 


0 2.5 5mm 
ae ee NDS SO OT CO 


DIMENSIONS (mm are the original dimensions) 


Note 


EUROPEAN 
PROJECTION ISSUE DATE 
E60 
95-02-25 


OUTLINE REFERENCES 


wa 
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Vso 
VS040: plastic very small outline package; 40 leads SOT158-1 


Z 


‘=< eam 


OULU UU UU 
MUUUUC OR POCO OU 
ee +} Bln @ 
Le] 
0 5 10mm 
scale 


DIMENSIONS (inch dimensions are derived from the original mm dimensions) 


Notes 
1. Plastic or metal protrusions of 0.4 mm maximum per side are not included. 
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included. 


OUTLINE EUROPEAN . 


92-44-47 
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VSO56: plastic very small outline package; 56 leads SOT190-1 


i:  <Hoo_ 


Padidibatadiadalidatadidatililadiditatiditstiditatilil t } 


= A =]VOlal 


0 5 10 mm 


: 3.0 0.25 0.42 | 0.22 | 21.65] 11.1 
2.8 , 0.30 | 0.14 | 21.35] 11.0 
0.12 0.01 0.017 |0.0087} 0.85 | 0.44 
0.11 : 0.012 |0.0055/} 0.84 | 0.43 
Note 


1. Plastic or metal protrusions of 0.3 mm maximum per side are not included. 
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included. 
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Soldering 


INTRODUCTION 


There is no soldering method that is ideal for all !C 
packages. Wave soldering is often preferred when 
through-hole and surface mounted components are mixed 
on one printed-circuit board. However, wave soldering is 
not always suitable for surface mounted ICs, or for 
printed-circuits with high population densities. In these 
situations reflow soldering is often used. 


This text gives a very brief insight to a complex technology. 
A more in-depth account of soldering ICs can be found in 
our “IC Package Databook” (order code 9397 750 90011). 


THROUGH-HOLE MOUNTED PACKAGES 
Table 1 Types of through-hole mounted packages 


DESCRIPTION 
plastic dual in-line package 
plastic shrink dual in-line package 


plastic heat-dissipating dual in-line package 


DBS plastic dual in-line bent from a single in-line 
package | 


SIL plastic single in-line package 


Soldering by dipping or wave 


The maximum permissible temperature of the solder is 
260 °C; solder at this temperature must not be in contact 
with the joint for more than 5 seconds. The total contact 
time of successive solder waves must not exceed 

5 seconds. 


The device may be mounted to the seating plane, but the 
temperature of the plastic body must not exceed the 
specified maximum storage temperature (T stg max)- If the 
printed-circuit board has been pre-heated, forced cooling 
may be necessary immediately after soldering to keep the 
temperature within the permissible limit. 


Repairing soldered joints 


Apply a low voltage soldering iron (less than 24 V) to the 
lead(s) of the package, below the seating plane or not 
more than 2 mm above it. If the temperature of the 
soldering iron bit is less than 300 °C it may remain in 
contact for up to 10 seconds. If the bit temperature is 


between 300 and 400 °C, contact may be up to 5 seconds. 
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SURFACE MOUNTED PACKAGES 


Table 2 Types of surface mounted packages . 


TYPE DESCRIPTION 
plastic small outline package 


SSOP | plastic shrink small outline package 
TSSOP plastic thin shrink small outline package 


Reflow soldering 


plastic shrink quad flat package 


Reflow soldering techniques are suitable for all SMD 
packages, ease of soldering varies with the type of 
package as indicated in Table 3. 


The choice of heating method may be influenced by larger 
plastic packages (QFP or PLCC with 44 leads, or more). If 
infrared or vapour phase heating is used and the large 
packages are not absolutely dry (less than 0.1% moisture 
content by weight), vaporization of the small amount of 
moisture in them can cause cracking of the plastic body. 


-For more information on moisture prevention, refer to the 


Drypack chapter in our “Quality Reference Handbook” 


_ (order code 9397 750 00192). 


Reflow soldering requires solder paste (a suspension of 
fine solder particles, flux and binding agent) to be applied 
to the printed-circuit board by screen printing, stencilling or 
pressure-syringe dispensing before package placement. 


Several techniques exist for reflowing; for example, 
thermal conduction by heated belt. Dwell times vary 
between 50 and 300 seconds depending on heating 
method. Typical reflow temperatures range from 
215 to 250 °C. 


Preheating is necessary to dry the paste and evaporate 
the binding agent. Preheating duration: 45 minutes at 
45 °C. 
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Table 3 Suitability of surface mounted packages for various soldering methods: rating from ‘a’ to ‘d’: ‘a’ indicates 
most suitable (soldering is not difficult); ‘d’ indicates least suitable (soldering is achievable with difficulty). 


REFLOW METHOD 


PACKAGE 
TYPE 


Wave soldering 


Wave soldering is not recommended for SSOP, TSSOP, 
QFP, LQFP, SQFP or TQFP packages, this is because of 
the likelihood of solder bridging due to closely-spaced 
leads and the possibility of incomplete solder penetration 
in multi-lead devices. 


lf wave soldering cannot be avoided, the following 
conditions must be observed: 


e A double-wave (a turbulent wave with high upward 
pressure followed by a smooth laminar wave) soldering 
technique should be used. 


For SSOP, TSSOP and VSO packages, the longitudinal 
axis of the package footprint must be parallel to the 
solder flow and must incorporate solder thieves at the 
downstream end. 


For QFP, LQFP and TQFP packages, the footprint must 
be at an angle of 45° to the board direction and must 
incorporate solder thieves downstream and at the side 
corners. 


Even with these conditions, consider wave soldering only 
for the following package types: 


e SO 
e VSO 
e PLCC 


e SSOP only with body width 4.4 mm, e.g. SSOP 16 
(SOT369-1) or SSOP20 (SOT266-1). 


e QFP except QFP52 (SOT379-1), QFP100 (SOT317-1, 
SOT317-2, SOT382-1) and QFP160 (SOT322-1); these 
are not suitable for wave soldering. 


Version: 1.2 - 1996 Jul 26 


DOUBLE 
WAVE 
METHOD 


e LQFP except LQFP32 (SOT401-1), LQFP48 
(SOT313-1, SOT313-2), LQFP64 (SOT314-2), LQFP80 
(SOT315-1); these are not suitable for wave soldering. 


e TQFP except TQFP64 (SOT357-1), TQFP80 
(SOT375-1) and TQFP100 (SOT386-1); these are not 
suitable for wave soldering. 


SQFP are not suitable for wave soldering. 


During placement and before soldering, the package must 
be fixed with a droplet of adhesive. The adhesive can be 
applied by screen printing, pin transfer or syringe 
dispensing. The package can be soldered after the 
adhesive is cured. 


Maximum permissible solder temperature is 260 °C, and 
maximum duration of package immersion in solder is 

10 seconds, if cooled to less than 150 °C within 

6 seconds. Typical dwell time is 4 seconds at 250 °C. 


A mildly-activated flux will eliminate the need for removal 
of corrosive residues in most applications. 


Repairing soldered joints 


Fix the component by first soldering two diagonally- 
opposite end leads. Use only a low voltage soldering iron 
(less than 24 V) applied to the flat part of the lead. Contact 
time must be limited to 10 seconds at up to 300 °C. When 
using a dedicated tool, all other leads can be soldered in 
one operation within 2 to 5 seconds between 

270 and 320 °C. 
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Philips Semiconductors data handbooks contain all 
pertinent data available at the time of publication and each 
is revised and reissued regularly. 


Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 


Catalogues are available for selected product ranges 
(some catalogues are also on floppy discs). 


Our data handbook titles are listed here. 


Integrated circuits 


Book _ Title 

ICO1 Semiconductors for Radio and Audio Systems 

ICO02 Semiconductors for Television and Video 
Systems 

ICO3 Semiconductors for Wired Telecom Systems 

IC04 HE4000B Logic Family CMOS 

ICO5 Advanced Low-power Schottky (ALS) Logic 

ICO6 High-speed CMOS Logic Family 

IC11 General-purpose/Linear ICs 

IC12 ~~‘ 1?C Peripherals 

IC13_ Programmable Logic Devices (PLD) 

IC14 8048-based 8-bit Microcontrollers 

IC15 FAST TTL Logic Series 

IC16 CMOS ICs for Clocks and Watches 

1IC17 Semiconductors for Wireless Communications 

IC18 Semiconductors for In-Car Electronics 

IC19 ICs for Data Communications 

IC20 80C51-based 8-bit Microcontrollers 

IC22 Multimedia ICs 

IC23 BiCMOS Bus Interface Logic 

IC24 Low Voltage CMOS & BiCMOS Logic 

IC25 16-bit 80C51XA Microcontrollers 
(eXtended Architecture) 

IC26 ~=IC Package Databook 

IC27 Complex Programmable Logic Devices 
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Discrete semicenductors 


Book _ Title 
SC0O1  =Small-signal and Medium-power Diodes 
SC02 Power Diodes 
SC03__—s Thyristors and Triacs 
SC04 Small-signal Transistors 
SC0O5__=—CV’ideo Transistors and Modules for Monitors 
SCO6 ___—High-voltage and Switching 
NPN Power Transistors 
SCO7 = Small-signal Field-effect Transistors 
SC08a_ RF Power Transistors for HF and VHF 
SCO8b RF Power Transistors for UHF 
SCO9 RF Power Modules and Transistors for Mobile 
Phones 
SC13a PowerMOS Transistors 
including TOPFETs and IGBTs 
SC13b Small-signal and Medium-power MOS 
Transistors 
SC14 RF Wideband Transistors 
SC15 = Microwave Transistors (new version planned) 
SC16 Wideband Hybrid IC Modules 
SC17 Semiconductor Sensors 


Professional components 
PCO6 = Circulators and Isolators 


MORE INFORMATION FROM PHILIPS SEMICONDUCTORS? 
For more information about Philips Semiconductors data 
handbooks, catalogues and subscriptions contact your 
nearest Philips Semiconductors national organization, 
select from the address list on the back cover of this 
handbook. Product specialists are at your service and 
enquiries are answered promptly. 
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Our sister product division, Philips Components, also has 


a comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 


Display components 
Book _ Title 
DCO1 Colour Television Tubes 


DCO02 Monochrome Monitor Tubes and Deflection Units 

DCO3 __—sTelevision Tuners, Coaxial Aerial Input 
Assemblies 

DCO04 Colour Monitor Tubes 

DCO5 Flyback Transformers, Mains Transformers and 


General-purpose FXC Assemblies 


Magnetic products 


MAO1 = Soft Ferrites 

MAO03 Piezoelectric Ceramics 
Specialty Ferrites 

MA04__s Drry-reed Switches 


Passive components 


PAO1 Electrolytic Capacitors 

PAO2 Varistors, Thermistors and Sensors 
PAOS Potentiometers 

PA04 Variable Capacitors 

PAO5 Film Capacitors 

PAO6 Ceramic Capacitors 

PAO8 Fixed Resistors 

PA10 Quartz Crystals 

PA11 Quartz Oscillators 


1997 Apr 08 
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MORE INFORMATION FROM PHILIPS COMPONENTS? 


For more information contact your nearest Philips 


Components national organization shown in the following list. 


Argentina: BUENOS AIRES, Tel. (01) 786 7635, Fax. (01) 786 9397. 
Australia: NORTH RYDE, Tel. (02) 9805 4455, Fax. (02) 9805 4466. 
Austria: WIEN, Tel. (01) 601 01 12 41, Fax. (01) 60 101 12 11. 

Belarus: MINSK, Tel. (5172) 200 915, Fax. (5172) 200 773. 

Benelux: EINDHOVEN, Tel. (+31 40) 2783 749, Fax. (+31 40) 2788 399. 
Brazil: SAO PAULO, Tel. (011) 821 2333, Fax. (011) 829 1849. 
Canada: SCARBOROUGH, Tel. (0416) 292 5161, Fax. (0416) 754 6248. 
China: SHANGHAI, Tel. (021) 6485 0600, Fax. (021) 6485 5615. 
Colombia: BOGOTA, Tel. (01) 345 8713, Fax. (01) 345 8712. 
Denmark: COPENHAGEN, Tel. (32) 883 333, Fax. (31) 571 949. 
Finland: ESPOO, Tel. 9 (0)-615 800, Fax. 9 (0)-615 80510. 

France: SURESNES, Tel. (01) 4099 6161, Fax. (01) 4099 6427. 
Germany: HAMBURG, Tel. (040) 2489-0, Fax. (040) 2489 1400. 
Greece: TAVROS, Tel. (01) 4894 339/(01) 4894 239, Fax. (01) 4814 240. 
Hong Kong: KOWLOON, Tel. 2784 3000, Fax. 2784 3003. 

india: BOMBAY, Tel. (022) 4938 541, Fax. (022) 4938 722. 

Indonesia: JAKARTA, Tel. (021) 520 1122, Fax. (021) 520 5189. 
Ireland: DUBLIN, Tel. (01) 76 40 203, Fax. (01) 76 40 210. 

Israel: TEL AVIV, Tel. (03) 6450 444, Fax. (03) 6491 007. 

italy: MILANO, Tel. (02) 6752 2531, Fax. (02) 6752 2557. 

Japan: TOKYO, Tel. (03) 3740 5028, Fax. (03) 3740 0580. 

Korea (Republic of): SEOUL, Tel. (02) 709 1472, Fax. (02) 709 1480. 
Malaysia: PULAU PINANG, Tel. (04) 657 0055, Fax. (04) 656 5951. 
Mexico: EL PASO, Tel. (915) 772 4020, Fax. (915) 772 4332. 

New Zealand: AUCKLAND, Tel. (09) 849 4160, Fax. (09) 849 7811. 
Norway: OSLO, Tel. (22) 74 8000, Fax. (22) 74 8341. 

Pakistan: KARACHI, Tel. (021) 587 4641-49, 

Fax. (021) 577 035/(021) 587 4546. 

Philippines: MANILA, Tel. (02) 816 6380, Fax. (02) 817 3474. 

Poland: WARSZAWA, Tel. (022) 612 2594, Fax. (022) 612 2327. 
Portugal: LINDA-A-VELHA, Tel. (01) 416 3160/416 3333, 

Fax. (01) 416 3174/416 3366. 

Russia: MOSCOW, Tel. (095) 247 9124, Fax. (095) 247 9132. 
Singapore: SINGAPORE, Tel. 350 2000, Fax. 355 1758. 

South Africa: JOHANNESBURG, Tel. (011) 470 5911, Fax. (011) 470 5494. 
Spain: BARCELONA, Tel. (93) 301 63 12, Fax. (93) 301 42 43. 
Sweden: STOCKHOLM, Tel. (+46) 8 632 2000, Fax. (+46) 8 632 2745. 
Switzerland: ZURICH, Tel. (01) 488 22 11, Fax. (01) 481 77 30. 
Taiwan: TAIPEI, Tel. (02) 388 7666, Fax. (02) 382 4382. 

Thailand: BANGKOK, Tel. (02) 745 4090, Fax. (02) 398 0793. 

Turkey: ISTANBUL, Tel. (0212) 279 2770, Fax. (0212) 282 6707. 
Ukraine: KIEV, Tel. (044) 268 7327, Fax. (044) 268 6323. 

United Kingdom: DORKING, Tel. (01306) 512 000, Fax. (01306) 512 345. 
United States: 

e JUPITER, FL, Tel. (561) 745 3300, Fax. (561) 745 3600. 

¢ ANN ARBOR, MI,Tel. (313) 996 9400, Fax. (313) 761 2776. 

¢ SAUGERTIES, NY, Tel. (914) 246 2811, Fax. (914) 246 0487. 
Uruguay: MONTEVIDEO, Tel. (02) 704 044, Fax. (02) 920 601. 


For all other countries apply to: 


Philips Components, 

Marketing Communications, 

P.O. Box 218, 

5600 MD EINDHOVEN, The Netherlands 
Fax. +31-40-2724547. 
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Argentina: see South America 


Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113, 
Tel. +61 2 9805 4455, Fax. +61 2 9805 4466 


Austria: Computerstr. 6, A-1101 WIEN, P.O. Box 213, 
Tel. +43 1 60 101, Fax. +43 1 60 101 1210 


Belarus: Hote! Minsk Business Center, Bid. 3, r. 1211, Volodarski Str. 6, 
220050 MINSK, Tel. +375 172 200 733, Fax. +375 172 200 773 


Belgium: see The Netherlands 
Brazil: see South America 


Bulgaria: Philips Bulgaria Ltd., Energoproject, 15th floor, 
51 James Bourchier Blvd., 1407 SOFIA, 
Tel. +359 2 689 211, Fax. +359 2 689 102 


Canada: PHILIPS SEMICONDUCTORS/COMPONENTS, Tel. +1 800 234 7381 


China/Hong Kong: 501 Hong Kong Industrial Technology Centre, 
72 Tat Chee Avenue, Kowloon Tong, HONG KONG, 
Tel. +852 2319 7888, Fax. +852 2319 7700 


Colombia: see South America 
Czech Republic: see Austria 


Denmark: Prags Boulevard 80, PB 1919, DK-2300 COPENHAGEN §, 
Tel. +45 32 88 2636, Fax. +45 31 57 0044 


Finland: Sinikalliontie 3, FIN-O2630 ESPOO, 
Tel. +358 9 615800, Fax. +358 9 61580920 


France: 4 Rue du Port-aux-Vins, BP317, 92156 SURESNES Cedex, 
Tel. +33 1 40 99 6161, Fax. +33 1 40 99 6427 


Germany: HammerbrookstraBe 69, D-20097 HAMBURG, 
Tel. +49 40 23 53 60, Fax. +49 40 23 536 300 


Greece: No. 15, 25th March Street, GR 17778 TAVROS/ATHENS, 
Tel. +30 1 4894 339/239, Fax. +30 1 4814 240 


Hungary: see Austria 


India: Philips INDIA Ltd, Shivsagar Estate, A Block, Dr. Annie Besant Rd. Worli, 
MUMBAI 400 018, Tel. +91 22 4938 541, Fax. +91 22 4938 722 


Indonesia: see Singapore 


Ireland: Newstead, Clonskeagh, DUBLIN 14, 
Tel. +353 1 7640 000, Fax. +353 1 7640 200 


Israel: RAPAC Electronics, 7 Kehilat Saloniki St, PO Box 18053, 
TEL AVIV 61180, Tel. +972 3 645 0444, Fax. +972 3 649 1007 


Italy: PHILIPS SEMICONDUCTORS, Piazza IV Novembre 3, 20124 MILANO, 
Tel. +39 2 6752 2531, Fax. +39 2 6752 2557 


Japan: Philips Bldg 13-37, Kohnan 2-chome, Minato-ku, TOKYO 108, 
Tel. +81 3 3740 5130, Fax. +81 3 3740 5077 


Korea: Philips House, 260-199 Itaewon-dong, Yongsan-ku, SEOUL, 
Tel. +82 2 709 1412, Fax. +82 2 709 1415 


Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR, 
Tel. +60 3 750 5214, Fax. +60 3 757 4880 


Mexico: 5900 Gateway East, Suite 200, EL PASO, TEXAS 79905, 
Tel. +9-5 800 234 7381 


Middle East: see Italy 


For all other countries apply to: Philips Semiconductors, Marketing & Sales Communications, 


Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bidg. VB, 
Tel. +31 40 27 82785, Fax. +31 40 27 88399 


New Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND, 
Tel. +64 9 849 4160, Fax. +64 9 849 7811 


Norway: Box 1, Manglerud 0612, OSLO, 
Tel. +47 22 74 8000, Fax. +47 22 74 8341 


Philippines: Philips Semiconductors Philippines tnc., 
106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI, Metro MANILA, 
Tel. +63 2 816 6380, Fax. +63 2 817 3474 


Poland: UI. Lukiska 10, PL 04-123 WARSZAWA, 
Tel. +48 22 612 2831, Fax. +48 22 612 2327 


Portugal: see Spain 
Romania: see Italy 


Russia: Philips Russia, Ul. Usatcheva 35A, 119048 MOSCOW, 
Tel. +7 095 755 6918, Fax»+7 095 755 6919 


Singapore: Lorong 1, Toa Payoh, SINGAPORE 1231, 
Tel. +65 350 2538, Fax. +65 251 6500 


Slovakia: see Austria 
Slovenia: see Italy 


South Africa: S.A. PHILIPS Pty Ltd., 195-215 Main Road Martindale, 
2092 JOHANNESBURG, P.O. Box 7430 Johannesburg 2000, 
Tel. +27 11 470 5911, Fax. +27 11 470 5494 


South America: Rua do Rocio 220, 5th floor, Suite 51, 04552-903 Sao Paulo, 
SAO PAULO - SP, Brazil, Tel. +55 11 821 2333, Fax. +55 11 829 1849 


Spain: Balmes 22, 08007 BARCELONA, 
Tel. +34 3 301 6312, Fax. +34 3 301 4107 


Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM, 
Tel. +46 8 632 2000, Fax. +46 8 632 2745 


Switzerland: Allmendstrasse 140, CH-8027 ZURICH, 
Tel. +41 1 488 2686, Fax. +41 1 481 7730 


Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kuo N. Rd., Sec. 1, TAIPEI], 
Taiwan Tel. +886 2 2134 2865, Fax. +886 2 2134 2874 


Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd., 
209/2 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260, 
Tel. +66 2 745 4090, Fax. +66 2 398 0793 


Turkey: Talatpasa Cad. No. 5, 80640 GULTEPE/ISTANBUL, 
Tel. +90 212 279 2770, Fax. +90 212 282 6707 


Ukraine: PHILIPS UKRAINE, 4 Patrice Lumumba str., Building B, Floor 7, 
252042 KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461 


United Kingdom: Philips Semiconductors Ltd., 276 Bath Road, Hayes, 
MIDDLESEX UB3 5BX, Tel. +44 181 730 5000, Fax. +44 181 754 8421 


United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409, 
Tel. +1 800 234 7381 


Uruguay: see South America 
Vietnam: see Singapore 


Yugoslavia: PHILIPS, Trg N. Pasica 5/v, 11000 BEOGRAD, 
Tel. +381 11 625 344, Fax.+381 11 635 777 


Internet: http://www.semiconductors.philips.com 


Building BE-p, P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands, Fax. +31 40 27 24825 


© Philips Electronics N.V. 1997 
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